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1.0 INTRODUCTION
 

The Wells G & H site, Woburn, Massachusetts, is currently the subject of a
 

Comprehensive Environmental Response Compensation and Liability Act (CERCLA)
 

Remedial Investigation/Feasibility Study (RI/FS) being conducted by the REM
 

III project team under contract to the United States Environmental Protection
 

Agency (EPA).
 

This endangerment assessment addresses the potential human health and
 

environmental impacts associated with the Wells G & H site under the no-action
 

alternative-- that is, in the absence of remedial (corrective) action.
 

Evaluation of the no-action alternative is required under Section 300.68(f)(v)
 

of the National Contingency Plan (EPA 1985a). It is based on the available
 

sampling data collected during the remedial investigation conducted by NL'S
 

Corporation and presented in reports by NUS Corporation (NUS 1986) and
 

Alliance Technologies Corporation (Alliance 1986), and the supplemental RI/FS
 

conducted by Ebasco Services Incorporated (Ebasco 1988a).
 

The methodologies used in this endangerment assessment are designed to be
 

consistent with guidelines from the Office of Emergencv and Remedial Response
 

(EPA 1985b, 1986a) and federal guidelines for risk assessment (EPA 1986b,c,d).
 

The organization of this endangerment assessment is as follows. First, a
 

brief description of the site and a summary of the site history are presented.
 

Next, the general methodology used to evaluate exposure and risk are presented
 

in this introductory chapter. The intent is to provide a general framework
 

for the evaluations that are presented in the following sections. Each of the
 

subsequent sections will focus on a potential source area (property owned by
 

U.R. Grace and Company, New England Plastics. Olyirpia Nominee Trust. I'nifirst
 

Corpora tit 11. and Wildwood Conservation Corporation) and tlit- cii't-j of tht- site
 

which surrounds Wells G & H but is not acting as a direct source
 

Figure 1-1 provides a flow chart of the components that will be included in
 

the area-specific sections. The methodologies used to evaluate the properties
 

are summarized in this chapter as well as being highlighted in the property
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specific sec u i 01.', . First, the chemicals of p o V t n t i a l concern, a .^'ib^c t of t i n -


large number of chemicals detected in the environmental media at the site,
 

will be selected. The methodology for the selection of the chemicals of
 

potential concern is presented in Appendix A and summarized in Section 1.3.
 

Exposure pathways under current- and future-use scenarios are then identified
 

for each area. A general discussion can be found in Section 1.4.
 

Concentrations of the chemicals of concern at exposure points are presented in
 

the exposure assessment subsection. Risk characterization subsections follow
 

the development of exposure point concentrations. In these subsections,
 

numerically applicable or relevant and appropriate requirements (ARARs) are
 

identified and compared to the exposure point concentrations. CERCLA, as
 

amended bv Congress under the Superfund Amendments and Re-authorization Act
 

(SARA), states that ARARs include any applicable or relevant and appropriate
 

standard, requirement, criteria, or limitation under Federal environmental
 

law, or any more stringent standard, requirement, criteria, or limitation
 

promulgated pursuant to a State environmental statutes (EPA 1987a). Critical
 

toxicity values and exposure assessments are then integrated to evaluate
 

potential risks to public health and the environment from site-related
 

compounds. Toxicity values and ARARs used in this EA are presented in Section
 

1.5. The methodology used to perform the quantitative risk assessment is
 

presented in Section 1.6.
 

Appendix A presents the methodology used to select the chemicals of potential
 

concern. Appendix B discusses the factors that influence the migration
 

potential of the chemicals of potential concern. Appendix C summarizes the
 

assumptions and models used to evaluate exposure. Appendix D presents an
 

overview of the available information on the human health effects and the
 

environmental toxicity of each chemical of potential concern, including
 

critical toxicitv values. Appendix E is a compilation of the analvtical
 

chemistry data base us«.-d in this endangerment assessment to evaluate pott.-i.tiai
 

exposure and risk. Appendix F is a species list of the biota found at the
 

Wells G & H site.
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1.1 SITE LOCATION AND LAND UST
 

The Wells G & H site is located in the City of Uoburn. Massachusetts
 

approximately 10 miles northwest of Boston (Figure 1-2) and contains five
 

suspected sources of hazardous materials owned by W.R. Grace and Company, New
 

England Plastics, Olympia Nominee Trust, Unifirst Corporation, and Wildwood
 

Conservation Corporation. The site, approximately 450 acres, is bordered by-


State Route 128 (Interstate Route 95) to the north, Salem St./Cedar St. to the
 

south, Interstate 93 to the east, and the Boston and Main Railroad to the west
 

(Figure 1-3).
 

The study area encompasses light commercial and light industrial parks which
 

border the wetlands associated with the Aberjona River flood plain. The
 

Aberjona River flows south through the center of the study area. The area to
 

the east, west, and south of the study area is primarily residential. The
 

area to the north of the site is mostly commercial and light industry.
 

The Wildwood Conservation Corporation (WCC) is an undeveloped 15 acre parcel
 

of land west of Wells G & H as seen in Figure 1-3. The land is bordered by the
 

Boston and Maine railroad to the west, the Aberjona River to the east, Olyrrpia
 

Nominee Trust to the north, and Whitney Barrel Company, Aberjona Autoparts
 

Company, and Murphy Waste Oil Service Company to the south. It appears that
 

disposal of hazardous waste occurred here in the past.
 

The Cryovac Division of the W.R. Grace and Company facility is located in the
 

northeast portion of the study area (Figure 1-3). This division is involved
 

in the manufacture, of food wrapping equipment and has used solvents such as
 

trichloroethene (TCE) as degreasing agents in the past.
 

Located in the noithern section of the study area on Olympia Avenue fFigure
 

1-3) is the Unifirst Corporation. Unifirst is a uniform cleaning service
 

company that used tetrachloroethene (PCE) in its dry cleaning operations.
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FIGURE 1-3 

SITE MAP FOR THE WELLS G & H SITE 
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J'u r'l i > j , ,i ii t I i ' * i oirpany owns 21 acrt •- cit Un f1 ^ o i n i i d i i ' > i .
 

northeastern section of the site. The property is presently and has been used
 

in the past as a trucking terminal.
 

The New England Plastics Corporation is located in a building off Salem Street
 

east of Wells G & H, as seen in Figure 1-3 Solid vinyl siding and various
 

other plastic extrusions are manufactured by New England Plastics Corporation.
 

The building is shared with the Prospect Tool and Die Company
 

1 2 SITE HISTORY
 

Wells C d\ h A'I. 11 dt i l l e d by the City of Woburn in 1C|6<4 arid 196"7 11- spec i. ivt Iv
 

The wells were intended for supplemental use and were capable of supplying 2
 

million gallons of drinking water per day. In the 1970s an estimated 27 to 28
 

percent of the community's water supply was provided by Wells G & H CNUS
 

1986)
 

On May 4, 1^79, 184 55-gallon drums containing polyurethane and toluene were
 

found on a vacant lot located on Mishawum Road (north of Route 128 and the
 

study dieaj Ihe discovery of the drums prompted the Massachusetts Dt p^rf >t-nt
 

of Environmental Quality Engineering (DEQE) to sample Wells G & H, the nearest
 

downgradient water supply, as a precautionary measure. A number of volatile
 

halogenated oiganics including 1,1,1-trichloroethane (1,1,1-TCA),
 

trans-1.2 -dichloroethene (trans-1.2-DCE). PCE, TCE, chloroform, and
 

trichlorotrifluoroethane were detected in the groundwater. As a result, Wells
 

C <S. H '..iii ;l,ut off on May 21, 1979, and the City of Woburn supp] <. IK nt L d it c
 

public \jatei supply with water from the Metropolitan District Commission
 

(MDC).
 

Ii adj'jon to tin discovery of contamination of Wells G & h ti.t Iiidut ti ip 11 •
 

si'e \ <i5 <i I •- o identified Industriplex is located to the i orth of the Wells C
 

& H study area and encompasses a 245-acre industrial park The major
 

environmental concerns at Industriplex involve heavy metal contamination of
 

soils and sludges, animal glue wastes, and volatile organic contamination of
 

the- L,Iouiiduu; f i ('EPA 1982)
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In response to contamination at the Wells G & H site and the Industriplex
 

site, the U.S Environmental Protection Agency conducted a hydrogeologic and
 

groundwater quality investigation of a 10-square mile area of East and North
 

Woburn. As a result of the investigation, EPA determined that the major
 

sources of the volatile organics detected at the Wells G & H site were within
 

a 1-square mile area surrounding the wells and not linked with contamination
 

at the Industriplex site. The Wells G & H site was placed on the National
 

Priorities List (NPL) in December 1982.
 

EPA initiated a Remedial Investigation of the Wells G & H site in 1984. The
 

purpose- of the- study was to determine the nature and extent of groundwaler
 

contamination at the Wells G & H site and to collect data necessary to support
 

a Feasibility Study (FS) (NUS 1986). Alliance Technologies Corporation
 

addressed the soil contamination based on data collected by private parties in
 

a separate volume of the RI report (Alliance 1986).
 

Recently, EPA performed a supplemental RI which included a field sampling
 

program for soil and groundwater (Ebasco 1988a). The soil sampling was
 

designed to further define the extent of soil contamination at W.R. Grace. New
 

England Plastics, Wildwood Conservation, and Olympia Nominee Trust Properties.
 

The New England Plastics property and Olympia Nominee Trust Property were
 

added to the original list of potential source areas and were sampled to
 

define the nature and extent of contamination suspected there. The
 

groundwater sampling program involved updating information at some of the
 

15(1 v;ells in the study area. An FS is currently being performed to address
 

the contamination found in the study (Ebasco 1988a).
 

1.3 METHODOLOGY FOR THE SELECTION OF CHEMICALS OF POTENTIAL CONCERN
 

This section will present the basis for the selection of chemicals of
 

potential concern. During the site investigations conducted by EPA (NUS 1986.
 

Alliance 1986, Ebasco 1988), the soil, groundwater, surface water, and
 

sediments at the Wells G & H site were found to be contaminated by a large
 

riun.ber of organic and inorganic compounds. In order to focus this
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L rcuT. i<> rii't i.t <is t essMu nt . t ht oluir.icals assoc i a: c-cl with t h < ^rL.irvst p o t e n t i a l
 

risk were selected for further evaluation at the Wells G & H site. A complete
 

description of the process and methodology is presented in Appendix A of this
 

document.
 

The selection of chemicals of potential concern used the validated analytical
 

data collected during the various site investigations and the methodology
 

presented in the Superfund Public Health Evaluation (PHE) manual (EPA 1986a).
 

The selection process was performed on an environmental medium-specific basis
 

for each source area to ensure that the threat to public health, welfare, and
 

the environment would be evaluated with respect to compounds associated only
 

with each individual source area at the site. The criteria that mav be
 

considered in selecting chemicals of potential concern include the presence of
 

the chemical in background samples (taken in areas not known to be
 

contaminated) and in blanks, the extent and magnitude of chemical
 

contamination, chemical and physical properties affecting fate and transport
 

of the chemical in the environment, and chemical toxicity.
 

All chemicals detected in each medium sampled were evaluated in the selection
 

process. Chemicals of potential concern initially were screened based on a
 

comparison to blanks and to background concentrations. Following this initial
 

screening process, chemicals were considered for further evaluation based on
 

their frequency of detection and toxicity.
 

Chemicals detected in samples at similar concentrations to those detected in
 

laboratory, field, or trip blanks associated with the sample were not selected
 

for detailed evaluation since these included chemicals that may have been
 

introduced during field or laboratory activities. Chemicals detected in
 

samples at significantly higher levels than in blanks wert , however, selected
 

for further consideration in the selection process after careful review of the
 

site -relatedness of the reported chemical concentrations.
 

Concentrations of inorganic chemicals can be compared to regional background
 

concentrations to determine if they may be present at naturally occurring
 

concentrations, or if thev have been elevated due to site activities.
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'p'lioj i 11«. ' i d r i o u i d samples would be located ii. a i t i i s n'h>. re s i t t - r i l u ' ^ d
 

chemicals are not expected to occur, that is off-site and sufficiently
 

upgradient or distant to ensure that site-related contamination will not be
 

present but in similar terrain. The Wells G & H site is located in a semi-


industrialized area for which is impossible to obtain background
 

concentrations which have not been impacted by human activities. As a result,
 

regional background soil and groundwater concentrations were obtained from the
 

literature to use as a basis for comparison (Shacklette and Boerngen 1984,
 

Connor and Shacklette 1975, Walton 1985, EPA 1985c). The maximum
 

concentration was compared with twice the maximum background concentration to
 

account for natural variations due to mineral enrichment which would be
 

retlected in elevated soil and groundwater concentration. Because there are
 

very few naturally occurring organic chemicals a comparison to background will
 

not be grounds for elimination of those chemicals from further consideration.
 

After the above initial screening, the frequency of detection of chemicals
 

remaining was evaluated, i.e., if the chemical was detected in approximately
 

5% or less of the samples in only one or possibly two environmental media.
 

The chemicals screened out based on frequency were further evaluated to ensure
 

that their limited frequency was not due to their presence at potential hot
 

spots or that their detected concentrations were below levels of health
 

concern based on their toxicity.
 

Chemicals, for which U.S. EPA has not established toxicity criteria for human
 

health and for which available information indicates low toxicity, were
 

eliminated from further consideration in the cndangerment assessment
 

Chemicals for which U.S. EPA has not established human health toxicity
 

criteria but which may not have low toxicity to humans were addressed in a
 

discussion of uncertainty, but were, however, eliminated from quantitative
 

eVdlucitlon ir the assessment The environmental effects of the se chenicals
 

were also considered before they were eliminated from evaluation in the
 

ecological risk assessment
 

Several of the inorganic chemicals detected in the samples are considered to
 

be essential nutrit-nts for humans. Calcium, magnesium, and potassium are
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fS.sir.ti.il i.utriii t s in the l.uman diet (re-comiiK nded dailv .illo'.;amis I or < > < ! ' . > t s
 

are 800. 300-500, and 1875-5600 mg/day, respectively) and, in general, more
 

attention has been given to problems of deficiency rather than toxicity.
 

These minerals are typically obtained through food and drinking water (and
 

sometimes mineral supplements), and the body generally has adequate
 

physiological mechanisms to maintain a proper equilibrium over a wide range of
 

intake levels. For this reason, these three elements are not selected as
 

chemicals of potential concern.
 

Cobalt, copper, iron, manganese, selenium, and zinc are essential metal
 

nutrients with potential for toxicity. Each of these metals has three levels
 

of biologic activity, trace levels required for optimum growth, storage
 

levels, and toxic levels. For these metals, environmental accumulations are
 

generally less important routes of excess exposure than accidents or
 

occupational exposures (Klaassen et al. 1986). Therefore, in the selection
 

process, these chemicals are selected as chemicals of potential concern only
 

if concentrations are greatly elevated (i.e., at least 10 times) above
 

background concentrations.
 

The analytical chemistry data are summarized using the representative
 

concentration and the maximum detected concentration. The representative
 

concentration of each chemical at the Wells G & H site is considered to be the
 

geometric mean of the positive detections and in samples with non-detects,
 

one-half the U.S. EPA contract laboratory program (CLP) detection limit or,
 

when available, the sample detection limit. In the cases where the detection
 

limit for a specific chemical is unusually high, use of half of this high
 

detection limit would bias the mean, particularly when several samples have
 

high detection limits. Hence, samples in which half of the detection limit
 

exceeds the largest measured concentration of that chemical in that medium
 

will not be used in calculating the mean. The geometric mean was used rcither
 

than the arithmetic mean because environmental data generall\7 are log-normallv
 

distributed (Dean 1981, Ott 1988). Analytical chemistry samples with a "J"
 

data qualifier, indicating that the chemical was detected but that the
 

reported levels were estimated, were included in the geometric mean
 

calculations Although the use' of these results adds an additional degree of
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uiK't rt n i lit Y to the c'oiicei't Tci t: on levels (i.e.. nay OVL re s t in a te or
 

underestiir.nte actual values), they have been taken at face value in this
 

assessment. However, if one of these values is seen to play an important role
 

in determining risk, the uncertainty will be noted at that time. If a
 

duplicate sample was collected and analyzed, reported concentrations are first
 

averaged and the average of the two samples is used in calculating geometric
 

means.
 

1.4 EXPOSURE ASSESSMENT METHODOLOGY
 

This section will provide an introduction to the elements that will be used
 

lati-r in the text: to evaluate exposure to potential receptors to site related
 

contaminants.
 

The first step in the exposure analysis is to identify complete exposure
 

pathways. An exposure pathway is complete if four elements are present: (1)
 

a source and mechanism of chemical release to the environment, (2) an
 

environmental transport medium (e.g., groundwater, surface water), (3) a point
 

of potential contact with the contaminated medium (the exposure point), and
 

( 14 ) an exposure route at the contact point (e.g. , in.r.estion of groundwater; .
 

The purpose of the exposure assessment is to identify current and future human
 

and environmental populations potentially exposed to site contaminants both on
 

and off the site, and the pathways through which they would be potentially
 

exposed. Figure 1-4 illustrates the exposure assessment process.
 

In order to provide a framework for this information, current and future land
 

uses are identified. Populations associated with exposure within the entire
 

study area are discussed on a property-specific basis, since the nature of the
 

contamination and the exposure pathways differ for each propertv. It should
 

be' noted there will be overlapping pathways and chemicals, for example, under
 

the future-use scenarios, ingestion of groundwater contaminated with
 

tetrachloroethene could occur at several properties. Exposure point
 

concentration estimates are then developed for exposures considered to be
 

potentially significant and for which risk estimates will be made later in the
 

1-12
 



CO 
CO 
<D 
o 
o
 
a
 
-4-> 

c 
QJ 

E 
CO 
CO 
<L 

CO 

on 

& 

y:
^^^\^^^v^ 
X 

Cd 

CD 
>—« 

E

t— 
~^_UJ 
UJ - 01 

CO C/l
O (/) 

UJ a. 
(/^ X 

UJ < 

1 t 

-1—' 

, ~. 11 o 
_4 ; Q. ^— ~ ^ Q
 
'
 ^ v. -̂̂  CO CO vJ > D 

-^ 

— , ^3^ ~ C" W o co — ~~ -— 

2r 'en co ,— > \ 
'x^^ *t^* ^ ^ '-̂  C^^_ O _ r ^^^^\\_j — P^ a ̂  p^1 

0 — ^) C "0 0 . -^ —— ^ '"!' 
d> c .= c c X 

O

•̂
1 

/>: << ^> 0 < i c~ ̂  ^ C — 
L^ o— _ ' 

—• ~ 

1-13
 



a.ssessn C'lit . Two ca.if.s arc- considered for inch exposure- scenario. The
 

"average case" will use the representative concentration and average
 

assumptions. The "plausible maximum case" will use the maximum concentration
 

detected and upper bound exposure assumptions. Table 1-1 summarizes the
 

potential exposure pathways which could occur at the Wells G & H site. Each
 

will be evaluated on a property-by-property basis in subsequent chapters of
 

this endangerment assessment to determine applicability. As can be seen in
 

this table, exposure can occur through all media, although the probability of
 

the exposure occurring varies both by medium and by property.
 

1.5 RISK EVALUATION METHODOLOGY
 

This section summarizes the methodology that will be used to evaluate risk
 

from exposure to the chemicals of potential concern for each property or area
 

characterized at the Wells G & H site. A more detailed discussion of the
 

toxicological information on the chemicals of potential concern can be found
 

in Appendix D. The general methodology for the classification of health
 

effects and the development of health effects criteria is described in Section
 

1.5.1 and provides the analytical framework for the characterization of human
 

health impacts in subsequent sections of this report. In Section 1.5.2, the
 

concept of chemical-specific applicable or relevant and appropriate
 

requirements (ARARs) is introduced, and the types of standards, criteria, or
 

guidance that may be classified as potential ARARs for the Wells G & H site
 

are described and the values are presented. Finally, the risk assessment
 

methodology, Section 1.5.3, summarizes the tools that are used to
 

quantitatively evaluate risk.
 

1.5.1 HUMAN HEALTH EFFECTS CLASSIFICATION AND CRITERIA DEVELOPMENT
 

For risk assessment purposes, individual pollutants are evaluated by
 

separating them into two categories of chemical toxicity depending on whether
 

or not they exhibit carcinogenic effects. This distinction relates to the
 

currently-held scientific opinion that the biological mechanism of action for
 

each category is different. For the purpose of assessing risks associated
 

with potential carcinogens, EPA has adopted the scientific position that a
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Mpal^ nun ; i. r of mol e ruJ a r i \\ nts can cause changes in a siijli. cell or i sn TJ 1
 

number of cells that can lead to tumor formation. This is described as a no-


threshold mechanism because it is assumed that there is essentially no level
 

of exposure (i.e.. a threshold) to a carcinogen that will not result in some
 

finite possibility of causing the disease. In the case of chemicals
 

exhibiting noncarcinogenic effects, however, it is believed that organisms
 

have protective mechanisms that must be overcome before the toxic endpoint is
 

manifested. For example, if a large number of cells perform the same or
 

similar functions, it would be necessary for significant damage or depletion
 

of these cells to occur before an effect could be seen. This threshold view
 

holds that a range of exposures from just above zero to some finite value can
 

be tolerated bv the organism without appreciable risk of causing the disc-use
 

(EPA 1987a).
 

1.5.1.1 Human Health Effects Criteria for Potential Carcinogens
 

Cancer potency factors, developed by EPA's Carcinogen Assessment Group (GAG)
 

for potentially carcinogenic chemicals are derived from the results of human
 

epidemiological studies or chronic animal bioassays. Potency factors are
 

expressed in units of (irg/kg/day) . The animal studies on which sone potency
 

factors are based must usually be conducted using relatively high doses to
 

detect possible adverse effects. Because humans are expected to be exposed at
 

lower doses than those used in the animal studies, the data are adjusted by
 

using mathematical models. The data from animal studies are fitted to the
 

linearized multistage model to obtain a dose-response curve. The low-dose
 

slope of the dose - response curve is subjected to various adjustments. ar.Q ^n
 

interspecies scaling factor is applied to derive the cancer potency factor for
 

humans. Dose-response data derived from human epidemiological studies are
 

fitted to dose-time-response curves on an individual basis.
 

Cancer potency factors derived from animal studies using the linearized
 

multistage model typically provide 95% upper-bound estimates of excess
 

lifetime cancer risks. Whereas the actual risks are unlikely to be higher
 

than those estimated risks, they could be considerably lower. Cancer potency
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i :K t or.s dt-rived froir high-dose human epideir.iological studies are also
 

typically intended to provide upper bound of lifetime cancer risks.
 

EPA assigns weight-of-evidence classifications to potential carcinogens.
 

Under this system, chemicals are classified as either Group A, Group Bl, Group
 

B2, Group C, Group D, or Group E. Group A chemicals (human carcinogens) are
 

agents for which there is sufficient evidence to support the causal
 

association between exposure to the agents in humans and cancer. Groups Bl
 

and B2 chemicals (probable human carcinogens) are agents for which there is
 

limited (Bl) or inadequate (B2) evidence of carcinogenicity from human studies
 

but for which there is sufficient evidence of carcinogenicity from animal
 

studies. Group C chemicals (possible human carcinogens) are agents for which
 

there is limited evidence of carcinogenicity in animals, and Group D chemicals
 

(not classified as to human carcinogenicity) are agents with inadequate human
 

and animal evidence of carcinogenicity or for which no data are available.
 

Group E chemicals (evidence of non-carcinogenicity in humans) are agents for
 

which there is no evidence in adequate human or animal studies of
 

carcinogenicity.
 

1 . c) . 1 . 2 Human Health Effects Criteria for Noncarc inogens
 

Health criteria for chemicals exhibiting noncarcinogenic effects are generally
 

developed using risk reference doses (RfDs) developed by the EPA RfD Work
 

Group or RfDs obtained from Health Effects Assessments (HEAs) or from the
 

Office of Drinking Water analysis in support of health-based drinking water
 

standards. The RfD. expressed in units of mg/kr,/dav. is an estimate of the
 

daily exposure to the human population (including sensitive subpopulations)
 

that is likely to be without an appreciable risk of deleterious effects during
 

a lifetime. RfDs usually are derived from human studies involving workplace
 

exposures or from animal studies and are adjusted using uncertainty factors.
 

The RfD provides a benchmark to which chemical intakes in other doses (e.g.,
 

via exposure to contaminated environmental media) may be compared.
 



r
1 3 1 . 1 T c r - i c i t y o t lu Clu-ii1 Lcals of Potential Concc-rr. am: Health i - f : . c t r
 

Criteria for Use in Risk Evaluation
 

Tables 1-2 and 1-3 presents the health effects criteria that will be used to
 

evaluate potential health risks posed by noncarcinogenic and carcinogenic
 

chemicals of potential concern at the Wells G & H site, respectively. The
 

rationale for selecting the chemicals of potential concern are presented in
 

the property or area-specific chapters. Criteria are presented for both
 

inhalation and oral routes of exposure, when available. Some noncarcinogens
 

do not have an RfD developed specifically for inhalation exposures. In these
 

instances, the RfD derived using the oral exposure route will be used to
 

assess inhalation exposures. This is done because for these specific
 

chemicals lacking inhalation RfDs, the systemic toxic effects are the same
 

following either oral or inhalation exposures. They are assumed to be
 

absorbed with equal efficiency through either route. Potential carcinogenic
 

risks are evaluated using the oral potency factor for all routes if an
 

inhalation potency factor is not available. In this situation, it is assumed
 

that the amount of the chemical absorbed and the potency is the same for both
 

inhalation and oral exposure.
 

The evaluation of risk from exposure to radionuclides in drinking water is
 

evaluated in a slightly different manner. Cancer potency factors have not
 

been developed for these compounds. Rather, EPA (1985) has determined that
 

"from a uniform whole body dose of 4 mrem/year there are approximately eight
 

excess cancers in a cohort of 100,000 people" or an 8x10 potential
 

upperbound excess cancer risk. EPA (1985) has summarized the concentration of
 

various radionuclides in drinking water which correspond to this risk; these
 

concentrations are used to evaluate risk in subsequent sections.
 

1.5.2 Applicable or Relevant and Appropriate Requirements i.ARARs >
 

The EPA's interim guidance on ARARs (EPA 1987g) defines ARARs as follows:
 

Applicable requirements means those cleanup standards, standards of
 
control, and other substantive environmental protection requirements,
 
criteria, or limitations promulgated under Federal or State lav: that
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TABLE 1-2
 

C R I T E R I A FOR CHARACTERIZATION OF NONCARCINOGENIC EFFECTS
 

FOR CHEMICALS OF POTENTIAL CONCERN AT THE WELLS G&H SITE
 

RfD (mg/kg/day)
 

Compound Oral Source Inhalation Source
 

Acetone 1.0E-1 EPA 1987c 3.0 EPA 1986a 

Aldrin 3.0E-5 EPA 1988h -

Antimony 4.0E-4 EPA 1987c -

B a r i um 5.0E-2 EPA 1987c 1 .4E-4 EPA 1986a 

Bis(2-cthylhc/yl)phthalatc 2.0E-2 EPA 1987c --

Cadmi um 5.0E-4 (a) EPA 1985c --

Chlordane 5.0E-5 EPA 1987c -

Chloroform 1.0E-2 EPA 1987c -

Chromium (hexavalent) 5.0E-3 EPA 1987c --

Copper 3.7E-2 EPA 1986a 1.0E-2 EPA 1986a 

4,4'-DDT 5.0E-4 EPA 1987c -

1 , 2-Di chlorobenzene 9.0E-2 EPA 1985c 4.29E-02 EPA 1985c 

1 , 1 -Dichloroethane 1.2E-1 EPA 1986a 1.38E-1 EPA 1986a 

1 , 1 -Dichloroethene 9.0E-3 EPA 1987c -

trans -1 ,2- Dichloroethene 1.0E-2 EPA 1985c -

I ron 1.0E+0 (b) NRC 1980 8.6E-3 (c) EPA 1984i 

Lead 6.0E-4 EPA 1985c -

Manganese 2.2E-1 EPA 1986a 3.0E-4 EPA 1986a 

Mercury 1.4E-3 EPA 1988e -

Methylene Chloride 6.0E-2 EPA 1987c -

Nickel 2.0E-2 EPA 1987c --

PAHs (Naphthalene) 4.1E-1 EPA 1988e --

Pentach I orophenoI 3.0E-2 EPA 1987c -
Phenol 4.0E-2 EPA 1987c 2.0E-2 EPA 1986a 

Tetrachloroethene 2.0E-2 EPA 1987c -

Toluene 3.0E-1 EPA 1987c 1.5 EPA 1986a 

1,1,1 -Tnchloroethane 9.0E-2 EPA 1987c 3.0E-1 EPA 1986a 

Xylenes (mixed) 2.0 EPA 1987c 4.0E-1 EPA 1984a 

Zinc 2.1E-1 EPA 1986a 1.0E-2 EPA 1984b 

- - = Not avallable.
 

(a) An	 interoffice workgroup of EPA is currently evaluating this criterion. A
 

risk assessment summary of this evaluation w i l l be included in EPA's
 

Integrated Risk Information System when the review is completed.
 

(b) This number is derived from the recommended dietary allowances (RDAs) for iron
 

from the National Research Council of the National Academy of Sciences.
 

(c) EPA	 (1984O derived a chronic acceptable inhalation intake (AIC) of 0.6 nig/day
 

(0.0086 mg/kg/day) for iron based on the American Conference of Governmental
 

Industrial Hygienists (1986) recommended time-weighted average threshold l i m i t
 
value (TWA-TLV) for the most toxic iron compound evaluated (iron pentacarbonyI).
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TABLE 1-3
 

CRITERIA FOR CHARACTERIZATION OF CARCINOGENIC EFFECTS
 
FOR CHEMICALS OF CONCERN AT THE WELLS G&H SITE
 

Cancer Potency Factors
 
(mg/kg/day)-1
 

weignt
 
Compound Oral Inhalation of Evidence
 

Aldrin 17 17 B2 <s)
 
Arsenic 1.5 (n) 50 <p) A (e,p)
 
Bis(2-ethylhexyl)phthalate 8.4E-3 (l,m) -- B2 (e,i)
 
Cadmium NA 6.1 (a) B1 (a)
 
Chlordane 1.3 (a) 1.3 (a) B2 (a)
 
Chloroform 8.1E-2 (c.e.i) 8.1E-2 (c.i) B2 <e,n
 
Chromium (hexavalent) NA 41 (a.d) A (a)
 
4,4'-DDT 3.4E-1 (i,r) -- B2 (i,r)
 
1 , 1 -Dichloroethane 9.1E-2 (b,g,h) -- C
 
1 ,2-Dichloroethane 9.1E-2 (a) 9.1E-2 (a) B2 (a)
 
1 , 1-Dichloroethene 6E-1 (a) 1.2 (a) C (a)
 
Methylene Chloride 7.5E-3 (a) 1.4E-2 (a) B2 (a)
 
PAHs (Benzo(a)pyrene) 11.5 <e,f) 6.11 B2
 
PCBs (Aroclor 1260) 7.7 (j.k) B2 (e)
 
Tetrachloroethene 5.1E-2 <e,i) 3.3E-3 <b,i) B2 (e,i)
 
Trichloroethene 1.1E-2 (a) 4.6E-3 (b,e,q) B2 (a)
 
Vinyl Chloride 2.3 (c,o) 2.95E-1 (b) A (e)
 

-- = Not available.
 
NA = Not applicable by this route.
 
Ca) EPA 1987b
 
(b) EPA 1987d
 
(c) EPA 1985b
 
(d) EPA 1984c
 
(e) EPA 1986a
 
(f) EPA 1984d
 
(g) The oral cancer potency factor for 1,1-dichloroethane is based on structure-


activity relationship to 1,2-dichloroethane (EPA 1988a).
 
(h) EPA 1988b
 
(i> An interoffice workgroup of EPA is currently evaluating this criterion. A risk
 

assessment summary of this evaluation will be included in EPA's Integrated Risk
 
Information System when the review is completed.
 

(j) EPA 1988c
 
<k> EPA 1987d
 
(I) EPA 1986e
 
(m) EPA 1987e
 
(n) EPA 1987g
 
(o) EPA 1984e
 
(p) EPA 1984f
 
(q) EPA 1984g
 
(r) EPA 1984h
 
(s) EPA 1988e
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' i i v* ' ' i i , i 1 Iv address a hazardous substance pol 1':t <nn" . cont ar ::'r.r. .
 
/t iK'dicj j A c t i o n , location, or other circumstai.ce at a CERCLA site .
 

"Applicability" implies that the remedial action or the circumstances at
 
the site satisfy all of the jurisdictional prerequisites of a
 
requirement . . .  .
 

Relevant and appropriate requirements means those cleanup standards,
 
standards of control, and other substantive environmental protection
 
requirements, criteria, or limitations promulgated under Federal or State
 
law that, while not "applicable" to a hazardous substance, pollutant,
 
contaminant, remedial action, location, or other circumstance at a CERCLA
 
site, address problems or situations sufficiently similar to those
 
encountered at the CERCLA site that their use is well suited to the
 
particular site.
 

The relev.ir.rt and appropriateness of a requirement can be judged bv
 
comparing a number of factors, including the characteristics of the
 
remedial action, the hazardous substances in question, or the physical
 
circumstances of the site, with those addressed in the requirement. It
 
is also helpful to look at the objective and origin of the requirement.
 
For example, while RCRA regulations are not applicable to closing
 
undisturbed hazardous waste in place, the RCRA regulation for closure by
 
capping may be deemed relevant and appropriate.
 

A requirement that is judged to be relevant and appropriate must be
 
complied with to the same degree as if it were applicable. However,
 
there is more discretion in this determination: it is possible for only
 
Part of a requirement to be considered relevant and appropriate, the rest
 
being eli smissed if judged not to be relevant and appropriate in a given
 
case.
 

Non-promulgated advisories or guidance documents issued by Federal or
 
State governments do not have the status of potential ARARs.
 
However, . . . they may be considered in determining the necessary level
 
of cleanup for protection of health or environment.
 

Those ARARs or advisories or guidance that "set health or risk -bast-d
 

concentration limits or ranges in various environmental media for specific
 

hazardous substances, pollutants, or contaminants" (EPA 1987b"i]. are used in
 

No federal or Commonwealth of Massachusetts chemical- specific ARARs or
 

guidance are available for the chemicals of potential concern in the soil or
 

sediment at the Wells G & H site. Federal and Commonwealth of Massachusetts
 

ARARs are available for the chemicals of potential concern in groundwater and
 

surface water, however, and those that are considered pertinent to the
 

1-21
 

http:relev.ir.rt
http:circumstai.ce


According to EPA's Interim guidance on ARARs, Maximum Contaminant Levels
 

(MCLs) established under the Safe Drinking Water Act (SDWA) are generally
 

applicable or relevant and appropriate standards for water that is or may be
 

used for drinking water source. The groundwater at the Wells G & H site is a
 

potential drinking water source and therefore MCLs will be used as ARARs at
 

this site. Maximum Contaminant Level Goals (MCLGs), also established under
 

the SDWA, are additional chemical- specific criteria which may be considered in
 

the evaluation when neither MCLs or state standards exist for a given chemical
 

(EPA L987s',i. The MCLs and MCLGs for the chemicals of potential concern i r.
 

groundwater are listed in Table 1-4.
 

Water Quality Criteria adjusted for drinking water intake only also can be
 

considered as ARARs for groundwater exposures when other standards do not
 

exist, but because some of these criteria are based on older toxicological
 

studies, caution must be exercised in using them; when based on the most
 

recent information, these adjusted values are usually equal to the MCLGs. The
 

AWQC for potential carcinogens is set at zero based on the assumption that
 

there is no concentration below which there are no toxic effects. Since this
 

level may not be attainable, the concentrations corresponding to a lifetime
 

incremental cancer risk, given in parentheses in Table 1-4, are used (EPA
 

1980).
 

Generally. MCLs and MCLGs for toxic chemicals represent the allowable life t i n e
 

exposure to the contaminant for a 70-kg adult who is assumed to ingest 2
 

liters of water per day for a lifetime. MCLGs are non-enforceable goals which
 

are set at levels which would result in no known or anticipated adverse health
 

effects with an adequate margin of safety. MCLs are enforceable standards set
 

as close to MCLGs as possible, but in addition to health factors, MCLs are
 

required by law to reflect the technological and economic feasibility of
 

removing the contaminant from the water supply. The limit set must be
 

feasible given the best available technology and treatment techniques (EPA
 

1986a).
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TABLE 1-4
 

AFP t TAB.E OP RELEVAt,T AND APPROPRIATE RETIREMENT;, AND OTHER GL DANCE OR
 
CHEMICALS OF POTENTIAL CONCERN IS GRCUNDWATER
 

(mg/liter)
 

Other 
ARAR Massachusetts 

AUQC Adjusted for Lifetime Drinking Water 
Compound/Metal MCL MCLG Drinking Water Only Health Advisory Standards 

Acetone 0.70
 
Aldnn 0 (1.2E-6) (c)
 
Antimony 0.146
 
Arsenic 0.05 0.05 (b) 0 (2.5E-6) (c) 0.05 0.05
 
Barium 1.0 1.5 (b) 1.5 1.0
 
Bis(2-ethylhexyl)phthalate 21 21 (i)
 
Cadmium 0.01 0.005 (b) 1E-2 0.005 0.01
 
Chlordane 0 (b) 0 (b,D
 
Chloroform 0.1 (a) 0 (1.9E-4) 0.1 (a)
 
Chromium: 0.05 0.12 (b) 0.12 0.05
 

I I I	 179
 
VI 0 05 

Copper 1.3 (b) 1.3 <b> 1 (e) 
4,4'-DDT 0 (1.2E-6) (c) 
1,2-Dichlorobenzene 0.62 (b) 470 0.62 0.60 
1,1-Dichloroethane (f) 
1,2-Dichloroethane 0.005 0 0 (9.5E-5) (c) 0.005 
1,1-Dichloroethene 0.007 0.007 3.3E-5 0.007 0.007 
trans-1,2-Dichloroethene 0.07 (b) (f) 0.07 0.07 (b,O 
Iron 0.3 (d) 
Lead (m) 50 [0.005 (b)] 20 (b) [0 (b)] 0.05 0.02 0.05 
Manganese 0.05 (d) 0.05 (e) 
Mercury 0.002 0.003 0.01 0.0011 0.002 
Methylene Chloride 
Nickel 1.5E-2 0.15 
cPAHs [Benzo(a)pyrene (g)] 0 (3.1E-6) (c) 3.1E-7 (O 
nPAHs [Naphthalene (h)] 3.1E-7 (0 
PCBs 0 (b) 0 (b,O 
Pentachlorophenol 0.22 (b) 0.22 
Phenol 3.5 (i) 
Radionuclides (pCi/liter) 

- Radium 226 and 228 5 (b) -- -	 10 5
 
- Gross alpha activity (j) 15 (b) --	 10 15
 
- Gross beta activity (k) 50 (b)	 4 mrem/year (k)
 

- Strontium-90 --	 8 8
 
- Tri t lum 20,000 20,000
 

Tetrachloroethene 0 (b) 0 (8.8E 4) (c) 0.01 (I) 0.005
 
Toluene 2.0 (b) 15 2.42 2.0
 
1,1 , 1-Trichtoroe thane 0.20 0.20 19 0.2 0.200
 
Trichloroethene 0.005 0 0 C2.8E-3) (c) -- 0.005
 
Uranium -
Vinyl Chloride 0.002 0 0 (2.0E-3) (c) -- 0.002
 
Xylenes (total) -- 0.44 (b) 0.4 0.62
 
Zinc 5.0 (d) " 5 5 (e)
 

(a) For total tnhalomethanes; refers to sum of chloroform, dibromochloromethane, bromodichloromethane, and bromoform.
 
(b) Proposed.
 
(c) The AWOC is set at zero; in parentheses is the level associated with lifetime excess cancer risk of 10-6.
 
(d) Secondary MCLs based on organoleptic considerations.
 
(e) Based on organoleptic data.
 
(f)	 Insufficient data.
 
(g) Assumed to apply to all carcinogenic PAHs.
 
(h) Assumed to apply to all noncarcinogemc PAHs.
 
d)	 Shall not exceed health advisories which have been adopted by the Massachusetts Division of Water Pollution
 

Control and/or the EPA. For groundwater, this would equal the Clean Water Act Criteria for human health (drinking)
 
water only) or Safe Drinking Water Act Maximum Concentration Limit Goals, whichever is more stringent.
 

(j) Gross alpha particle activity includes radium-226 but excludes radon and uranium.
 
(k) For total beta particle activity, Massachusetts standards are set at the average annual concentration which produces
 

an annual dose equivalent to the total body or any internal organ greater than 4 mrem/year.
 
(I) Lifetime health advisory was based on the assumption that tetrachloroethene was a Group C carcinogen. Currently,
 

EPA classifies tetrachloroethene as Group 62 Possible Human Carcinogen
 
(m) EPA has proposed new drinking water standards for lead; these values are in brackets.
 



1.6 QUANTITATIVE RISK ASSESSMENT METHODOLOGY
 

To quantitatively assess the risks to human health associated with the
 

current-use and future-use exposure scenarios considered in this assessment,
 

the concentrations of chemicals in relevant environmental media (exposure
 

point concentrations) are converted to chronic daily intakes (GDIs). GDIs are
 

the amount of a substance taken into the body per unit body weight per unit
 

time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime for
 

carcinogens (EPA 1986b) and over the exposure period for noncarcinogens (EPA
 

1986c) .
 

For potential carcinogens, excess lifetime cancer risks are obtained by
 

multiplying the daily GDI of the contaminant under consideration by its cancer
 
_ 2
 

potency factor (q*)• This is appropriate for cancer risks of 10 (i.e., the
 

probability of one in one hundred that an exposed individual would contract
 

cancer) or less. When the daily intakes are large, an alternate approach to
 

obtain the excess lifetime cancer risks is used. The one-hit equation, which
 

is consistent with the linear low dose model used for cancer risks under 10~2 ,
 

is used:
 

RISK= 1 -e
 

EPA has implemented actions under Superfund associated with total cancer risks
 
- 4 - 7 - 6
 

ranging from 10 to 10 (EPA 1986a). A risk level of 10 representing an
 

upper bound probability of one in 1,000,000 of contracting cancer might result
 

from exposure to the potential carcinogen, is often used as a benchmark bv
 

regulatory agencies. It should be noted that, in general, EPA cancer potency
 

factors are upper bound values based on the linearized multistage model.
 

Thus, the actual risks associated with exposure to a potential care inogt n
 

quantitatively evaluated based on animal data are not likely to exceed tht

risks estimated using these cancer potency factors, but may be lower. EPA
 

cancer potencies based on human data (e.g., arsenic) are point estimates based
 

on a linear absolute risk model. In its Health Assessment Document for
 

Arsenic (EPA 1984f). the Agency notes that "while it is unlikely that the true
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Lower" .
 

Potential risks are presented for noncarcinogens as the ratio of the chronic
 

daily intake exposure to the reference dose (CDI:RfD). The sum of all of the
 

ratios of chemicals under consideration is called the hazard index. The
 

hazard index is useful as a reference point for gauging the potential effects
 

of environmental exposures to complex mixtures. In general, hazard indices
 

that are less than 1 are not likely to be associated with any health risks and
 

are therefore less likely to be of regulatory concern than hazard indices
 

greater than 1. A conclusion should not be categorically drawn, however, that
 

all hazard indices less than 1 are "acceptable." This is a consequence of the
 

perhaps one-order-of-magnitude or greater uncertainty inherent in estimates of
 

the RfD and GDI, in addition to the fact that the uncertainties associated
 

with the individual terms in the hazard index calculation are additive.
 

In accordance with EPA's guidelines for evaluating the potential toxicity of
 

complex mixtures (EPA 1986d) , it was assumed that the toxic effects of the
 

contaminants of concern would be additive. Thus, lifetime excess cancer risks
 

and the GDI:RfD ratios were summed to indicate the potential risks associated
 

with mixtures of potential carcinogens and noncarcinogens, respectively. In
 

the absence of specific information on the toxicity of the mixture to be
 

assessed or on similar mixtures, EPA guidelines generally recommend assuming
 

that the effects of different components on the mixtures are additive when
 

affecting a particular organ or system. Synergistic or antagonistic
 

interactions mav be taken into account if there is specific information on
 

particular combinations of chemicals. In this risk assessment, it was assumed
 

that the effects of the contaminants of concern were additive. Thus, the
 

individual cancer risks or GDI:RfD ratios are summed to determine the total
 

upperbound excess cancer risk or hazard index for a particular exposure
 

scenario.
 

In the subsequent risk assessment sections, the intakes of chemicals of
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
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and duiatioi oi exposure For each exposure scenario e\al in ted, two exposure
 

cases--an aveiage case and plausible maximum case--are considered For the
 

average exposure case, representative concentrations are used together with
 

what are considered to be the most likely (although conservative) exposure
 

conditions For the plausible maximum case, the highest measured
 

concentrations are used together with high estimates of the range of potential
 

exposure parameters relating to the frequency/duration of exposure and
 

quantity of contaminated media contacted. It should be noted that the
 

exposure scenarios assumed for the plausible maximum case, while considered
 

possible, are likely to apply, if at all, to only a very small segment of the
 

potential]/ exposed populations
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:.o W.R. GRACI: PROPERTY
 

The Cryovac Division of the W.R. Grace and Company, Inc. is located on 12.6
 

acres of land in the northeastern portion of the study area, east-northeast of
 

Wells G & H. This division is involved in the manufacture of food wrapping
 

equipment and uses solvents such as trichloroethene as degreasing agents.
 

Remedial measures were undertaken from 1983 to 1985 during which the removal
 

of contaminated soil and drums from a pit east of the plant building occurred.
 

2.1 CHEMICALS OF POTENTIAL CONCERN
 

The bcisis for the selection of chemicals of pott.-nti.al concern is outlined in
 

Appendix A of this document. Validated analytical data collected during the
 

various site investigations (NUS. 1986, Ebasco 1988a) and the methodology
 

presented in the Superfund Public Health Evaluation manual (EPA 1986a) were
 

used to evaluate the nature and extent of contamination and the potential
 

t h r e a t to hunan ht^lth and the environment. Chciricals of potential coi.rcrr.
 

'.:c re selected based on the sampling data of environmental media and
 

consideration of toxicity.
 

2.1.1 SOIL
 

Soil sampling on the W.R. Grace property conducted in June 1983 and Julv 1985
 

revealed the presence of both inorganic and organic compounds. Contaminated
 

soil and drums in and around a former waste disposal area were excavated and
 

ri ii'oved fiom the site in 1985. The eight soil samples (collected in tiu
 

locations marked on Figure 2-1), collected during the supplemental RI (Ebasco
 

1988a), are used to select chemicals of potential concern since the earlier
 

data do not reflect current conditions at this property Appendix E contains
 

analytical chemistry data summary tables.
 

The surface soils at the W.R. Grace property contained detectable levels of
 

three organic chemicals in one of the four samples taken, as seen in Table
 

2-1. Chloroform and methylene chloride were detected only in the surface
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TABLE 2-1
 

COMPOUNDS DETECTED IN SOIL AT U.K. GRACE PROPERTY OF WELLS 3 & H SITE
 

COMPOUND SURFACE SOIL SUBSURFACE SOIL
 

FREQUENCY MAXIMUM FREQUENCY MAXIMUM
 
OF GEOMETRIC DETECTED OF GEOMETRIC DETECTED
 

DETECTION MEAN ' VALUE DETECTION MEAN VALUE
 

ORGAN ICS (ug/kg)
 

ACETONE ND 3/7 8.54 21.00
 
BENZO(b)FLUORANTHENE 1/1 NA 2.00 ND
 
CHLOROFORM 1/4 NA 3.00 ND
 
4,4'-DDE 1/1 NA 5.40 ND
 
4,4'-DDT 1/1 NA 24.0 ND
 
Dl-n-BUTYL PHTHALATE 1/1 NA 3.00 1/4 NA 165
 
METHYLENE CHLORIDE 1/4 NA 3.00 ND
 
1,1,1-TRICHLORETHANE 1/4 NA 8.00 A/12 3.43 11.0
 

INORGANICS (mgAg)
 

ALUMINUM 1/1 NA 13000 1/1 NA 8010
 
ARSENIC 1/1 NA 15.3 1/1 NA 11.0
 
BARIUM 1/1 NA 22.0 1/1 NA 24.0
 
CALCIUM 1/1 NA 857 1/1 NA 1830
 
CHROMIUM 1/1 NA 23.7 1/1 NA 16.0
 
COBALT 1/1 NA 5.33 1/1 NA 9.40
 
COPPER 1/1 NA 16.3 1/1 NA 21.0
 
IRON 1/1 NA 12400 1/1 NA 13800
 
LEAD 1/1 NA 37.1 1/1 NA 5.20
 
MAGNESIUM 1/1 NA 2940 1/1 NA 4730
 
MANGANESE 1/1 NA 127 1/1 NA 236
 
MERCURY 1/1 NA 0.06 1/1 NA 0.10
 
NICKEL 1/1 NA 10.4 1/1 NA 17.0
 
POTASSIUM 1/1 NA 764 1/1 NA 1300
 
SODIUM 1/1 NA 81.5 1/1 NA 148
 
VANADIUM 1/1 NA 24.1 1/1 NA 20.0
 
ZINC 1/1 NA 40.4 1/1 NA 31.0
 

ND = Not Detected.
 
NA = Not applicable; mean not calculated with only one positive detect.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE QA/QC PROCESS THE NUMBER OF
 
SAMPLES USED TO CALCULATE A GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL
 
NUMBER OF SAMPLES AS PRESENTED IN THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
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s.oi.' '.-.!ij 1 , 1 . 1  - 1 r '. cli 1 oroe r :iai .e iTas detected ir. both surface and soil boring
 

samples. Beiizo(b)f luoranthene , -i,4'-DDE, and 4 , 4 ' - DDT were not detected in
 

subsurface soils, but were seen in one of the surface soil samples. Di-n

butylphthalate was detected in one surface sample and one of the soil boring
 

samples while acetone was detected in four of eight samples. Acetone was
 

detected at low concentrations and, since it is not very toxic, it will not be
 

selected as a chemical of potential concern. Di-n-butylphthalate was not
 

selected as a chemical of potential concern since it was detected only once in
 

the subsurface soil and at very low levels in one surface sample, and it is
 

not very toxic. 1,1,1-Trichloroethane, the most frequently detected organic,
 

was not selected as a chemical of potential concern due to the very low levels
 

detected (i.e., near the detection limit). The other organic chemicals were
 

not selected as chemicals of potential concern due to their low frequency of
 

detection and low concentrations detected (i.e., near the analytical detection
 

limit).
 

The sampling results for the inorganic constituents are also summarised in
 

Table 2-1. The criteria for evaluating the inorganic chemicals of potential
 

concern are presented in Appendix A. Inorganic constituents were first
 

compared with regional background levels to determine whether or not thev are
 

present at this property due to natural or human related sources. All of the
 

inorganic constituents in surface and subsurface soils were detected at or
 

below typical background levels (Table A-l, Appendix A), and are therefore not
 

considered to be chemicals of potential concern.
 

Based on the- above, there are no soil chemicals of potential concern for tlu-


W.R. Grace property.
 

2.1.2 GROUNDWATER
 

Groundwater sampling performed during the 1985 and 1987 site investigations
 

(NUS 1985, Ebasco 1988a) are used to select chemicals of potential concern
 

Data were available from forty-eight samples for volatile organic compounds
 

and eight samples for the semivolatile organic chemicals. Only 1985 filtered
 

data for the inorganic constituents were used in this evaluation because
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t:: ] 11 r i -c l rrounciv.\i t < : s a m p l e s lor metals are a more A c c u r a t e n i c a r . u r t of 

dr inking water qual i ty . 

Trichloroethene (TCE), the most frequently detected chemical in the
 

groundwater at this site, was detected in 33 of 42 samples. Other frequently
 

detected organic compounds were trans-1,2-dichloroethene. tetrachloroethene,
 

and vinyl chloride, as seen in Table 2-2. 1,2-Dichloroethane and
 

1,1-dichloroethene were also detected in groundwater at W.R. Grace but not
 

frequently (6 of 46 and 5 of 45 samples, respectively). These six chemicals
 

will be selected as chemicals of potential concern. Ethylbenzene, methylene
 

chloride, toluene, vinyl acetate, and total xylenes were detected in less than
 

5% of the samples and were not considered to be chemicals of potential concern
 

based upon their frequency of detection. Bis(2-ethylhexyl)phthalate was the
 

only semivolatile organic compound detected at the W.R. Grace site more than
 

once or with a frequency greater than 5%; hence it will be selected as a
 

chemical of potential concern. Naphthalene was detected once at a
 

concentration near the detection limit and in only one sample; as a result, it
 

was not selected as a chemical of potential concern.
 

A number of inorganic constituents were detected in groundwater as seen in
 

Table 2-2. A comparison to background levels (Table A-2, Appendix A) reveals
 

that the maximum manganese concentration is higher than typical levels.
 

Manganese is, however, an essential nutrient and hence, as discussed in
 

Appendix A, 10 times background is used to evaluate essential nutrient
 

selection as chemicals of potential concern. Since the maximum manganese
 

concentration is less 10 times background and the geometric mean concentration
 

is below background, it is not selected as a chemical of potential concern.
 

It should be noted that although sodium was detected at levels within the
 

background range and not selected as a chemical of potential concern, the
 

geometric mean and maximum concentrations exceeded the Massachusetts Advisory
 

level of 20,000 ug/liter for persons on low salt diets.
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TABLE 2-2
 

COMPOUNDS DETECTED IN GROUNDWATER AT THE
 
W.R. GRACE PROPERTY OF THE WELLS G & H SITE
 

FREQUENCY ' MAXIMUM
 
OF GEOMETRIC DETECTED
 

COMPOUND DETECTION MEAN VALUE
 

ORGANICS (ug/liter)
 

BIS(2-ETHYLHEXYL) PHTHALATE 5/8 20.5 230
 
1,2-DICHLOROETHANE 6/46 9.14 800
 
1,1-DICHLOROETHENE 5/48 5.17 300
 
TRANS-1,2-DICHLOROETHENE 26/46 57.4 7500
 
ETHYLBENZENE 2/48 6.15 350
 
METHYLENE CHLORIDE 1/36 NA 1250
 
NAPHTHALENE 1/8 NA 5.00
 
TETRACHLOROETHENE 16/48 6.30 1100
 
TOLUENE 2/48 6.82 3600
 
TRICHLOROETHENE 33/42 89.6 2800
 
VINYL ACETATE 1/48 NA 2500
 
VINYL CHLORIDE 15/47 24.1 3600
 
TOTAL XYLENES 2/48 6.34 630
 

INORGANICS (ug/liter)
 

ALUMINUM 1/4 NA 41.0
 
BARIUM 2/6 11.7 18.0
 
CALCIUM 6/6 62000 86000
 
IRON 2/5 63.2 94.0
 
MAGNESIUM 6/6 16000 41000
 
MANGANESE 4/6 35.6 540
 
MERCURY 1/6 NA 0.23
 
NICKEL 3/5 60.4 140
 
POTASSIUM 6/6 4000 10000
 
SODIUM 6/6 27000 43000
 
ZINC 3/4 24.0 49. 0
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE QA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS
 
THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN
 
THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
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2.1.3 SURFACE WATER AND SEDIMENTS
 

One surface water and one sediment sample were taken from the drainage ditch
 

behind the W.R. Grace property. As seen in Table 2-3, four organic chemicals
 

were detected in sediments at estimated values, and only methylene chloride
 

was detected in surface water. Due to the very low concentrations and the
 

limited sarr.pling, none of these compounds will be selected as chemicals of
 

potential concern. The sediments were analyzed for inorganics and all
 

concentrations were less than the regional soil background. As a result, no
 

inorganic constituents were selected as chemicals of potential concern for the
 

sediments at this property.
 

2.1.4 SUMMARY
 

Table 2-4 summarizes the list of chemicals selected to be evaluated further at
 

the W.R. Grace property. No chemicals of potential concern are selected for
 

soil, surface water, or sediment. Chemicals of potential concern for the
 

groundwater are bis(2 -ethylhexyl)phthalate, 1,2-dichloroethane, 1,1

dichloroethene, trans-1.2-dichloroethene. tetrachloroethene, trichloroethene,
 

and vinyl chloride.
 

2.2 EXPOSURE ASSESSMENT
 

2.2.1 PROPERTY UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, complete exposure pathways; that is a pathway
 

that has a source of contamination, a route of exposure, and an individual who
 

could be exposed, do not currently exist for any environmental media (i.e. ,
 

soil, groundwater, surface water, or sediment). The concentrations of
 

chemicals detected in the soil were either very low or at background levels
 

for the inorganic constituents and hence no chemicals of potential concern
 

were selected in Section 2.1.1. Therefore this exposure pathway is incomplete
 

and cannot be evaluated. Soil exposure under current conditions will not be
 

evaluated. Groundwater is not currently used for drinking water purposes;
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TABLE 2-3
 

U.R. GRACE PROPERTY
 

SURFACE WATER AMD SEDIMENT SAMPLE RESULTS
 

ORGAN I CS (ug/L)
 

VOLATILES
 

CHLOROFORM
 

METHYLENE CHLORIDE
 

SEMI -VOLATILES
 

BENZOCB5FLUORANTHENE
 

CHRYSENE
 

INORGANICS (mg/Kg)
 

ALUMINUM
 

ANTIMONY
 

ARSENIC
 

BARIUM
 

BERYLLIUM
 

CADMIUM
 

CALCIUM
 

CHROMIUM
 

COBALT
 
COPPER
 

IRON
 

LEAD
 

MAGNESIUM
 

MANGANESE
 

MERCURY
 

NICKEL
 

POTASSIUM
 

SELENIUM
 

SILVER
 

SODIUM
 

THALLIUM
 

VANADIUM
 

ZINC
 

CYANIDE
 

SW = Surface Water
 

SO = Sediments
 

ND = Not Detected
 

Sampling
 

G-SW
 

EBASCO
 

DATA 1987
 

ND
 

1
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

ND
 

Location
 

G-SD
 

EBASCO
 

DATA 1987
 

3
 

2
 

3
 
2
 

6,170
 

24
 

6.3
 

25
 

ND
 

ND
 
2,120
 

11
 

ND
 
8.5
 

8,990
 

32
 
2,850
 

79
 

0.2
 

4.9
 

434
 

ND
 

ND
 

258
 

ND
 

19
 

32
 
ND
 



TABLE 2-4
 

CHEMICALS OF POTENTIAL CONCERN FOR THE W R GRACE PROPERTY
 

GROUNDWATER
 

Bis(2-ethylhexyl)phthalate
 

1,2-Dichloroethane
 

1,1-Dichloroethene
 

trans-1,2-Dichloroethene
 

Tetrachloroethene
 

Trichloroethene
 

Vinyl chloride
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thus, tins PC. t l i - - a , is not complete under current conditions and ;-:li no; h*
 

evaluated here.
 

2.2.2 PROPERTY UNDER FUTURE-USE CONDITIONS
 

In the absence of institutional controls limiting future uses of the W.R.
 

Grace propertv, there are exposure pathways that must be evaluated It is
 

possible that in the future, the existing facility will be expanded or the
 

property will be redeveloped. Future land use involving excavations for
 

utilities or construction would create the potential for workers to be exposed
 

to contaminated soils through dermal contact and subsequent incidental
 

ingest ion as T.;i 1 1 as through inhalation. This tvpc of exposure would be short
 

term and due to the negligible concentrations of contaminants in the soil at
 

the W.R. Grace property, it will not be quantified.
 

This property could be developed for residential purposes in the future, and
 

it is possible- that a well to be used to supplv drinking water will be
 

installed at the U R. Grace property. Thus, one exposure scenario would
 

involve the ingestion of groundwater. The concentrations of the chemicals of
 

p o t t n t l i i l coic^rr in the groundwater at the W.R Crarc property <• ri pris-cn^cd
 

in Table 2-5. Should this water be used in a residential setting, exposure to
 

chemicals in the water could also occur via inhalation and dermal contact from
 

bathing or showering, washing clothes, cooking, washing dishes, and anv other
 

household activities which involve the use of water. In this endangerment
 

assessment, exposure via ingestion and inhalation and dermal contact while
 

showc ri iir, will be evaluated
 

The groundwater concentrations of the chemicals of potential concern,
 

summarized in Table 2-5, were used to estimate the air concentrations that
 

mifht be expected to occur while showering. Using a theoretical e:.posuie
 

model, outlined in Section C.2, Appendix C (Foster and Chrostowski 1986.
 

1987), the transfer of volatile organic compounds from shower droplets into
 

the air and their subsequent inhalation were estimated. Based on this
 

exposure model, the potential inhalation exposures to the groundwater
 

contaminants which could volatilize were quantified. The model does not
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TABLE 2-')
 

CHEMICALS OF POTENTIAL CONCERN IN THE GROUNDWATER AT W.R. GRACE PROPERTY
 

COMPOUND CONCENTRATION (ug/liter)
 

GEOMETRIC MEAN MAXIMUM
 

Bis(2 -ethyIhexyl)phthalate 20.5 230
 
1,2-Dichloroethane 9.1 800
 
1.1 -Di chloroethene 5.2 300
 
trans -1,2-Dichloroethene 57.4 7500
 
Tetrachloroethene 6.3 1100
 
Trichloroethene 89.6 2800
 
Vinyl chloride 24.1 3600
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estiuate denial absorption of contaminants v:hili s:iov<. ri TE.. Hov:-.\vr. givt n
 

the exposure scenario and the physical and chemical properties of the organic
 

compounds considered in this assessment, dermal absorption is likely to result
 

in minimal exposure as compared to exposure via inhalation. The model
 

estimates the intake level (in mg/kg/day), rather than the ambient air
 

concentrations that might be expected while showering. These values are
 

presented in Table 2-6 for the geometric mean and maximum concentrations of
 

the contaminants in groundwater.
 

2.3 RISK ASSESSMENT
 

According to guidtliius for preparing risk assessments as part of the RI/FS
 

process (EPA 1986a), the potential adverse effects on human health should
 

first be assessed where possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environnent. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will first
 

pre.'int a comparison of exposure point conccntr^; iors to the applicable en"
 

relevant and appropriate requirements (ARARs) and then a quantitative risk
 

assessment.
 

2.3.1	 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS AND
 
OTHER GUIDANCE
 

In this sect, ion, the concentrations of clu-micals ol potential concern in
 

groundwater at the W.R. Grace property are compared to ARARs or other
 

guidance. Table 2-7 presents this comparison, and as can be sten from the
 

tablt . SOUK of tin ARARs or other guidance are e x c e e d e d . The cor.cc nt rat ions
 

of 1,L -dichloroethane, trichloroethene, and vinyl chloride exceed their
 

respective MCLs for both the geometric mean and maximum concentrations. Only
 

the maximum concentration of 1,1-dichloroethene exceeds its MCL.
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TABLE 2-6
 

INTAKE OF CHEMICALS OF POTENTIAL CONCERN RELEASED TO THE AIR
 
WHILE SHOWERING WITHGROUNDWATER FROM THE W.R. GRACE PROPERTY
 

COMPOUND
 

Bis(2-ethylhexyl)phthalate
 

1 , 2-Dichloroethane
 

1 , 1- Dichloroethene
 

trans- 1,2 -Dichloroethene
 

Tetrachloroethene
 

Tr ichloroe thene
 

Vinvl chloride
 

INTAKE (mg/kg.'dayl
 

GEOMETRIC MEAN MAXIMUM
 

-7 6
6 .86x10 7. 70x10

-4 2
2 .23x10 1. 96x10

•~)
-4
 1.49x10 S 52x10"
 

-3 I
1.61x10 2, 10x10

-4 2
1.47x10 2. .56x10

-3 ?
2 .25x10 7 ..04x10"
 

-4 I
8.08x10 1. .21x10"
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e. , the magnitude of the number) A negative
 
exponent indicates that the decimal should be moved the specified number
 
of places to the left (i.e., 2.4E-03 = 0.0024).
 



TABLE 2-7
 

COMPARISON OF CHEMICALS OF POTENTIAL CONCERN IN THE GROUNDUATER
 
AT THE U.R. GRACE PROPERTY WITH ARARS AND OTHER GUIDANCE LEVELS
 

(rag/liter)
 

Concentration
 
Massachusetts 

Compound 
Geometric 

Mean 
Maximum 

MCL 
Drinking Water 

Standards 

Bis(2-ethylhexyl )phthalate 0.0205 0.230 21 (b)
 

1 ,2-Dichloroethane 0.0091 0.800 0.005 -

1 ,1 -Dichloroethene 0.0052 0.300 0.007 0.007
 

trans -1 ,2-Di ch loroethene 0.0574 7.500 0.07 (a,b)
 

Tetrachloroethene 0.0063 1.100 0.005
 

TM ch loroethene 0.0896 2.800 0.005 0.005
 

Vinyl Chloride 0.0241 3.600 0.002 0.002
 

(a) Proposed.
 

(b) Shall not exceed health advisories which have been adopted by the Massachusetts
 
Division of Water Pollution Control and/or the EPA. For groundwater, this
 
would equate to the Clean Water Act criteria for human health (drinking water
 
only) or the Safe Drinking Water Act Maximum Concentration L i m i t Goals, whichever
 
is more stringent.
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111 • i i. of 'li. v h e i i i t c i i s of uott ntial concern do not ha"t. f c d t i a l H I,c thus
 

ttuii conct Derations will be compared to other criteri<i Thi re is a proposed
 

Massachusetts standard of 0.007 mg/liter for trans-1.2-dichloroethene and this
 

concentration is exceeded by the maximum concentration. There is also a
 

Massachusetts drinking water standard for tetrachloroethene. This
 

concentration is exceeded by both the geometric mean and maximum
 

concentrations. The geometric mean and maximum concentrations of bis(2

ethvlhexvljphthalate are below the Massachusetts drinking water standards.
 

2 3  2 QUANTITATIVE RISK CHARACTERIZATION
 

To quant ituti"cIv assess the risks to human health associated with the future-


use exposure scenarios considered in this assessment, the concentrations of
 

chtmicals in relevant environmental media (exposure point concentrations)
 

presented in Section 2.2 are converted to chronic daily intakes (GDIs). GDIs
 

arc- the amount of a substance taken into the body per unit body weight per
 

u'M t *" imt- e | ressed in units of mg/kg/day A (_D1 if tr
rt. rart d ov<. L a lifetime
 

foi c ai c Inojic iis i P'.PA l°86b/) and over the exposure period for noncarc inogens
 

(EPA l°)86ci. Section 1.4.4 summarized the methodologv that will be used in
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern h * hvpotheticallv exposed populations are first calculated. To
 

determine these intakes, assumptions are made concerning chemical
 

concentrations, exposed populations, and exposure conditions such as frequency
 

r. c' duration of f-posurc For each exposure scenario evtlluatt. d . t ,;o t ::posur<.
 

c<ises--an Average case and plausible maximum case--aie considered For the
 

average exposure case, geometric mean concentrations are used together with
 

\.hnt art considered to be the most likely (although often consorvat i"'f)
 

exposuic conditions. For the plausible maximum cast . the highest mcdsurtd
 

conce nti at i ons are used together with high estiiidtes of the range of potential
 

exposure parameters relating to the frequency/duration of exposure and
 

quantity of contaminated media contacted It should be noted that the
 

exposure scenarios assumed for the plausible maximum case, while considered
 

possible, are likely to apply, if at all, to only a very small segment of the
 

potentiall's exposed populations.
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Chronic dailv intakes, excess lifetime cancer risks, t.i.d CDI:R£D ratios for
 

the site- related chemicals considered in this assessment, as well as the
 

assumptions and procedures used to calculate these values, are discussed below
 

for each scenario evaluated.
 

As was discussed in Section 2.2, there are no current exposures to the
 

chemicals of potential concern at the W.R. Grace property. In the absence- of
 

future remedial actions and institutional actions limiting access to the use
 

of the groundwater if the property were developed for residential purposes or
 

a new production or drinking water well were installed, individuals (either
 

residents or employees) could be exposed to groundvater contaminants bv direc"
 

ingestion of tap water, or by inhalation of volatilized contaminants while
 

using the water for nonconsumptive uses. It is possible that if the
 

groundwater were used as production water, individuals employed at the plant
 

could be exposed to vapors released during the use of the water. Only
 

potential individual residential exposures will be> quantified he re,- . however
 

This is because residential exposure may occur for longer periods of tine than
 

industrial exposure. Also there may be more routes of exposure in the home
 

th,.i i n the pi ant
 

2.3.2.1 Ingestion of Groundwater
 

Under this future-use scenario, the average individual is assumed to weigh 70
 

kg and drink 2 liters of water each day for 70 years (an average lifetime)
 

Based on these assumpt i ons . and the existing chemical concentrations in 'lie
 

groundwater, chronic daily intakes were derived and are presented in Table
 

2-8. The risks associated with these intake levels are also presented therein
 

for chemicals potentially exhibiting carcinogenic and noncarcinogenic effects
 

The upper bound lifetime excess cancer risks associated with ingt-stior are
 

2x10 (i.e . two in one thousand) and 2x10 "•*- (i.e., two in ten) for the
 

average and plausible maximum cases, respectively. These risks are due
 

primarily to the presence of vinyl chloride in the groundwater. The average
 

and plausible maximum upper bound lifetime excess cancer risks for the othei
 

chemicals of potential concern also exceed 1x10 or one in <i million A
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TABLE 2-8
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF GROUNDUATER AT W.R. GRACE PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

Bis(2-ethylhexvl)phthalate 20.5 230 5.86E-04 6.57E-03 8.40E-03 4.9E-06 5.5E-05
 

1 ,2-Di chloroethane 9.1 800 2.60E-04 2.29E-02 9.10E-02 2.4E-05 2.1E-03
 

1 ,1 -Dichloroethene 5.2 300 1.49E-04 8.57E-03 6.00E-01 8.9E-05 5.1E-03
 

Tetrachloroethene 6.3 1100 1.80E-04 3.14E-02 5.10E-02 9.2E-06 1.6E-03
 

Trichloroethene 89.6 2800 2.56E-03 8.00E-02 1.10E-02 2.8E-05 8.8E-04
 

Vinyl chloride 24.1 3600 6.89E-04 1.03E-01 2.30E+00 1.6E-03 2.4E-01
 

TOTAL -- -- -- -- 2E-03 2E-01
 

B. NONCARCINOGENIC EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

CONCENTRATION (ug/L) (GDI) (mg/kg/d) RATIO OF CDI:RfD
 

GEOMETRIC MAXIMUM PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

3is(2-ethylhexyl )phthalate 20.5 230 5.86E-04 6.57E-03 2.00E-02 2.9E-02 3.3E-01
 

_1 ,1 -Dich loroethene 5.2 300 1.49E-04 8.57E-03 9.00E-03 1.7E 02 9.5E-01
 

trans- 1 , 2 -Di ch loroethene 57.4 7500 1.64E-03 2.14E-01 1.00E-02 1.6E-01 2.1E+01
 

Tetrach loroethene 6.3 1100 1.80E-04 3.14E-02 2.00E-02 9.0E-03 1.6E+00
 

HAZARD INDEX -- -- -- <1 (0.2) >1 (24)
 

-;a) Noncarcmogens and potential carcinogens with RfDs were evaluated for noncarc nogenic risk.
 

IOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the size of the number).
 

J\ negative exponent indicates that the decimal should be moved the specified number of places to the left
 

(i.e., 2.4E-03 = 0.0024).
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''Dl'i'ilj r a t i o «' /roster than one was c a l c u l d t e d :or t ram.- 1 . ' - ci'. c i i " ore . t i . < -\c

aiid tetrachloroethene using plausible maximum assumptions. This results in a
 

hazard index, under the plausible maximum case for all chemicals exhibiting
 

noncarcinogenic effects, greater than one, suggesting a potential threat to
 

human health. The non-cancer risk associated with ingestion results primarily
 

from exposure to tetrachloroethene and trans-1.2-dichloroethene. The
 

s imi 1 c,r i t ii f in chemical structure, target organs, and toxicitv cr.dpoints
 

between these two chemicals supports the use of the hazard index and as such,
 

their concentrations should be considered additive. The geometric mean
 

concentration of trans-l,2-dichloroethene and the geometric mean and maximum
 

concentrations of tetrachloroethene are both less than the 1 day and 10 day
 

health advisories for children (EPA 1987h,i). The maximum concentration of
 

trans-1,2-dichloroethene exceeds the 10 day health advisory of 1.430 ug/liter
 

for children (EPA 1987h). The cumulative hazard index under the average case
 

is less than one.
 

2.3.2 2 Inhalation Of Contaminants While Showering
 

Individuals may become exposed to chemicals of potential concern in
 

gfound\-t-i t er '>v i nh^ 1,., t i on of volatilized chemicals '..-hilt sho'.,i r i i < r '}'}.•.
 

shower model of Foster and Chrostowski (1987), discussed in Appendix C.
 

Section C.2. quantify exposure via this pathway. The potential health risks
 

associated with the estimated inhalation exposures while showering are
 

presented in Table 2-9. It should be noted that while the chronic daily
 

intake for exposure to volatile organic contaminants in groundwater via
 

ingestion and inhalation are comparable, as expected from the literature
 

(.Foster and Chrostowski 1987, McKone 1987, EPA 1984i). the risks from this
 

exposure will vary due to differences in the oral and inhalation potency
 

factors.
 

The excess upper bound lifetime cancer risks associated with the average and
 

plausible maximum cases were 4x10 (i.e., four in ten thousand) and 5x10
 

(i.e.. five in a hundred), respectively. These were due primarily to the
 

presence of vinyl chloride and 1,1-dichloroethene. For chemicals exhibiting
 

noncarcinogenic effects, the individual CDI:RfD ratios for each compound under
 

average conditions was below one as was the corresponding hazard index. Under
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TABLE 2-9
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION WHILE SHOWERING
 

WITH GROUNDWATER FROM THE W.R. GRACE PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE L I F E T I M E UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d}-1 AVERAGE MAXIMUM
 

Bis(2-ethylhexyl )phthalate 6.86E-07 7.70E-06 8.40E-03 5.8E-09 6.5E-08
 

1 ,2-Dichloroethane 2.23E-04 1.96E-02 9.10E-02 2.0E-05 1.8E-03
 

1 , 1-Dichloroethene 1.49E-04 8.62E-03 1.20E+00 1.8E-04 1.0E-02
 

Tet rach I oroethene 1.47E-04 2.56E-02 3.30E-03 4.9E-07 8.4E-05
 

Tnchloroethene 2.25E-03 7.04E-02 4.60E-03 1.0E-05 3.2E-04
 

Vinyl chloride 8.08E-04 1.21E-01 2.95E-01 2.4E-04 3.6E-02
 

TOTAL 4E-04 5E-02
 

B. NONCARCIMOGEN 1C EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

(CD I) (mg/kg/d) RATIO OF CDI:RfD
 

REFERENCE DOSE
 

PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate 6.86E-07 7.70E-06 2.00E-02 3.4E-05 3.9E-04
 

1,1-Dichloroethene 1.49E-04 8.62E-03 9.00E-03 1.7E-02 9.6E-01
 

trans-1,2-Dichloroethene 1.61E-03 2.10E-01 1.00E-02 1.6E-01 2.1E+01
 

Tetrachloroethene 1.47E-04 2.56E-02 2.00E-02 7.3E-03 1.3E+00
 

HAZARD INDEX <1 (0.2) >1 (23)
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the size of the number). A negative exponent indicates that the decimal should be moved the
 

specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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the plausible maximum exposure scenario, the hazard index exceeds one due ro
 

individual CDI:RfD ratios greater than one for trans -1.2-dichloroethene and
 

tetrachloroethene. Exposure to these two chemicals can be considered additive
 

since one of their toxic end points (liver damage) is the same.
 

2.4 SUMMARY OF W.R. GRACE PROPERTY EVALUATION
 

This section of the endangerment assessment for the W.R. Grace property is a
 

baseline assessment, which evaluates potential impacts to human health in the
 

absence of further remedial actions under both current- and future-use
 

scenarios. Chemicals of potential concern were selected based on the sampling
 

data of the environmental media and consideration of toxicity. Those selected
 

for the groundwater were bis(2-ethylhexyl)phthalate, 1,2-dichloroethane, 1,1

dichloroethene, trans-1.2-dichloroethene, tetrachloroethene, trichloroethene,
 

and vinyl chloride. No chemicals of potential concern were selected for the
 

soils, surface water, or sediments.
 

Under current land-use conditions, there are no exposure pathways by which
 

human receptors could potentially be exposed to site contaminants. Under
 

future-use conditions, exposure pathways related to groundwater use were
 

considered. Average and plausible maximum exposure scenarios were developed
 

for ingestion of groundwater and inhalation of volatiles released while
 

showering. The conclusions are summarized as follows:
 

•	 If the groundwater at the property was to be developed as a drinking
 
water source, ingestion of groundwater could result in potential upper
 
bound lifetime excess cancer risks of 2x10 and 2x10 for the
 
average and plausible maximum cases, respectively. Exposure to
 
noncarcinogenic chemicals of potential concern would result in a
 
hazard index less than 1 for the average, case but greater than 1 for
 
the plausible maximum case.
 

•	 Inhalation of volatiles released from the groundwater while showering
 
could result in 4x10 and 5x10 potential upper bound excess
 
lifetime cancer risk for the average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for the average case
 
but exceeded 1 for the plausible maximum case, for exposure to the
 
noncarcinogen chemicals of potential concern.
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3.0 NEW ENGLAND PLASTICS CORPORATION
 

The New England Plastics Corporation manufactures solid vinyl siding and
 

various other extruded plastics. The company is housed in a building off of
 

Salem Street east of Wells G & H (Figure 1-2). The building is shared with
 

the Prospect Tool and Die Company. This property was not investigated during
 

the first remedial investigation (NUS 1986, Alliance 1986) and was added to
 

the list of possible source areas by U.S. EPA based on the detection of
 

groundwater contamination.
 

3.1 CHEMICALS OF POTENTIAL CONCERN
 

The basis for the selection of chemicals of potential concern is outlined in
 

Appendix A of this document. Validated analytical data (presented in Appendix
 

E) collected during the Ebasco supplemental remedial investigation and the
 

methodology presented in the Superfund Public Health Evaluation manual (EPA
 

1986a) were vised to evaluate the nature arid e x t e n t of contamination and to
 

select the chemicals that might pose the greatest threat to human health and
 

the environment.
 

3.1.1 SOIL
 

Ebasco sampled four surface soil locations and five soil boring locations
 

behind the New England Plastics Corporation building as seen in Figure 3-1.
 

Most of the contamination was detected in the surface soil samples. The
 

sampling results are summarized in Table 3 - 1 . All of the organic compounds
 

detected more than once in surface and subsurface soils, with the exception of
 

di-n-octyl phthalate, were considered to be chemicals of potential concern due
 

to the high concentrations and frequency of detection in soils. Di-n-octyl
 

phthalate was not selected as a chemical of potential concern due to
 

insufficient toxicity information. Thus, acetone, bis(2-ethylhexyl)phthalate,
 

methylene chloride, tetrachloroethene, 1,1,1-trichloroethane, and
 

trichloroethene are selected as chemicals of potential concern for the soils.
 

Acetone, bis(2-ethylhexyl)phthalate, di-n-octyl phthalate. and methylene
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TABLE 3-1
 

COMPOUNDS DETECTED IN SOIL AT NEW ENGLAND PLASTICS CORPORATION PROPERTY OF THE WELLS G & H SITE
 

COMPOUND SURFACE SOILS SUBSURFACE SOILS
 

FREQ. OF GEOMETRIC FRED. OF GEOMETRIC 
DETECTION MEAN MAXIMUM DETECTION MEAN MAXIMUM 

ORCAN ICS Cug/kg) 

VOLATILES
 

ACETONE 1/5 NA 120000 3/7 11.6 26.0
 
BENZENE 1/7 NR 1.00 ND
 
CHLOROFORM 1/7 NA 3.00 ND
 
METHYLENE CHLORIDE 3/5 50.3 9400 4/8 6.64 19.0
 
TETRACHLOROETHENE 5/7 360 1200000 ND
 
1,1,1-TRICHLORETHANE 4/7 19.4 13000 ND
 
TRICHLOROETHENE 4/7 56.6 110000 ND
 

SEMI -VOLATILES
 

BENZOIC ACID 1/7 NR 290 ND
 
BIS(2-ETHYLHEXYL)PHTHALATE 4/7 19000 4400000 9/12 250 7500
 
CHRYSENE 1/7 NR 120 ND
 
DI-N-BUTYL PHTHALATE 1/7 NR 73.0 ND
 
DI-N-OCTYL PHTHALATE 2/7 1400 640000 3/12 125 165
 

PESTICIDES/PCB'S
 

AROCLOR-1260 1/7 NA 580 ND
 

INORGANICS (mg/kg)
 

ALUMINUM 7/7 7900 10100 12/12 7600 10100
 
ANTIMONY 1/7 NA 7.10 2/12 3.65 12.0
 
ARSENIC 6/7 3.23 6.80 7/12 1.75 6.70
 
BARIUM 7/7 58.9 176 12/12 24.9 43.0
 
BERYLLIUM 5/7 NR 0.20 6/12 0.16 0.30
 
CADMIUM 5/7 2.32 17.0 5/12 0.68 8.00
 
CALCIUM 7/7 2200 4680 12/12 2600 5260
 
CHROMIUM 7/7 13.5 21.0 12/12 13.1 22.0
 
COBALT 7/7 8.71 31.0 12/12 7.72 13.0
 
COPPER 7/7 56.3 161 12/12 18.4 36.0
 
IRON 7/7 11000 18400 12/12 12000 23100
 
LEAD 7/7 52.6 289 12/12 7.66 17.0
 
MAGNESIUM 7/7 2800 4860 12/12 3600 6680
 
MANGANESE 7/7 120 207 12/12 150 312
 
MERCURY ND 3/12 0.02 0.16
 
NICKEL 7/7 12.7 23.0 12/12 10.9 21.0
 
POTASSIUM 5/5 750 951.0 6/6 1000 1880
 
SODIUM 2/7 210 250.0 6/12 213 282
 
VANADIUM 7/7 27.1 40.0 12/12 24.3 40.0
 
ZINC 7/7 47.8 65.0 12/12 24.8 37.0
 

NA = Not applicable; mean not calculated with only one positive detection.
 

ND = Not detected.
 

NR = Not reported; chemical was detected infrequently, and the use of one-half the detection
 
l i m i t in calculating a mean results in a mean concentration which exceeds the maximum
 
detected value. Therefore a mean is not used.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE QA/OC PROCESS THE NUMBER OF SAMPLES
 
USED TO CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL NUMBER OF SAMPLES
 
AS PRESENTED IN THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
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chloride were detected in the subsurface soils at this property but at levels
 

much lower than the surface soils.
 

Most of the inorganic constituents were detected in soils within the
 

background range of concentrations seen in Table A-l of Appendix A, with the
 

exception of cadmium, copper, lead, and zinc. Copper and zinc were not
 

selected as chemicals of concern because they are essential nutrients and the
 

concentrations fell within the criteria (i.e., ten times background) used to
 

screen out these chemicals. Both the geometric mean and maximum
 

concentrations of cadmium exceeded the background range. Lead was detected at
 

geometric mean and maximum concentrations which exceeded regional
 

Massachusetts soil concentrations (Shacklette and Boerngen 1984) . In
 

comparison with Eastern United States soils, the geometric mean concentration
 

of lead fell within the range but the maximum exceeded twice the maximum
 

background level. Therefore, while cadmium and lead are not considered to be
 

property related, they were selected as a chemicals of potential concern for
 

the New England Plastics Corporation property.
 

3.1.2 GROUNDWATER
 

Three groundwater monitoring wells were installed at the New England Plastics
 

Corporation property during the supplemental RI as seen in Figure 3-1.
 

Samples were also taken from three existing process wells. The data are
 

summarized in Table 3-2. The most frequently detected organic compounds,
 

trans-1.2-dichloroethene. tetrachloroethene, 1,1,1-trichloroethane, and
 

trichloroethene, were selected as chemicals of potential concern. The other
 

organics detected in the groundwater were not selected as chemicals of
 

potential concern because of the low levels detected (i.e. , at or near the
 

detection limit).
 

The concentrations of inorganic constituents detected in groundwater were
 

compared with the background concentrations presented in Table A-2 in Appendix
 

A. None of the inorganic compounds were detected at levels above background.
 

Therefore, no inorganics were selected as chemicals of potential concern. It
 



TABLE 3-2
 

COMPOUNDS DETECTED IN GROUNDWATER AT THE NEW ENGLAND
 
PLASTICS CORPORATION PROPERTY OF THE WELLS G & H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

ORGANICS (ug/ liter)
 

BENZENE 1/9 NA 2.50
 
CHLOROFORM 2/9 2.04 2.50
 
1, 1-DICHLOROETHANE 1/9 NA 2.50
 
TRANS-1 , 2-DICHLOROETHENE 6/9 3.22 11.0
 
TETRACHLOROETHENE 8/9 49.4 330
 
1,1, 1-TRICHLOROETHANE 7/9 6.88 26.0
 
TRI CHLOROETHENE 7/8 19.6 59.0
 
TOTAL XYLENES 1/9 NA 6.00
 

INORGANICS (ug/ liter)
 

BARIUM 2/2 14.5 34.9
 
CALCIUM 2/2 30400 32100
 
IRON 1/2 NA 36.8
 
MAGNESIUM 2/2 5510 5600
 
MANGANESE 1/2 NA 19.3
 
POTASSIUM 2/2 2280 2390
 
SODIUM 2/2 28800 58500
 
ZINC 2/2 22.5 23.9
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
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should be rioted, hcn;<ver. that the geometric mean and maximum sodium
 

concentrations exceeded the Massachusetts advisory level of 20,000 ug/liter
 

for persons on low salt diets.
 

3.1.3 SUMMARY
 

The chemicals of potential concern selected for further evaluation at the New
 

England Plastics Corporation property are summarized in Table 3-3. The soil
 

chemicals of potential concern are acetone, bis(2-ethylhexyl)phthalate,
 

cadmium, lead, methylene chloride, tetrachloroethene, 1,1,1-trichloroethane,
 

and trichloroethene. The groundwater chemicals of potential concern are
 

trans-1.2-dichloroethene. tetrachloroethene, 1 ,1,1 -trichloroethane, and
 

trichloroethene.
 

3.2 EXPOSURE ASSESSMENT
 

3.2.1 PROPERTY UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, groundwater and soil exposures will be
 

considered. Groundwater is not currently used for drinking water purposes
 

although it is used for production purposes. Exposure can occur through the
 

volatilization of organic contaminants from groundwater used in the production
 

process; this pathway will be evaluated here. The contaminated soil at this
 

property could act as a source of volatile organics to the air. However,
 

conditions at the New England Plastics Corporation property do not favor air
 

releases because the contaminated area is very small.
 

Groundwater is used in the production process at the New England Plastics
 

Corporation. There are seven troughs through which water is flowing
 

constantly at a rate of 1 to 4 gallons per minute (gpm). The largest trough
 

is 10.66 ft3 and the smallest is 2.85 ft3. The largest trough is 16 ft. long
 
o
 

by 13 inches wide with a surface are of 17.3 ft . There are also two
 

recirculation tanks. A surface water volatilization model, outlined in
 

Appendix C. was used to estimate indoor air concentrations. Although there
 

are 9 tanks/troughs of various sizes, the surface area of the largest tank was
 



TABLE
 

CHEMICALS OF POTENTIAL CONCERN FOR THE NEW ENGLAND PLASTICS PROPERTY
 

SOIL
 

Acetone
 

Bis(2 -ethylhexyl)phthaiate
 

Cadmium
 

Lead
 

Methylene chloride
 

Tetrachloroethene
 

1,1,1-Trichloroethane
 

Trichloroethene
 

GROUNDWATER
 

trans -1,2-Dichloroethene
 

Tetrachloroethene
 

1,1,1-Trichloroethane
 

Trichloroethene
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used in the model and then the ambient air concentration nssuired to bt i.ine
 

times this value. This may overestimate releases from the tanks, and the
 

results may present an upper bound concentration. Table 3-4 summarizes the
 

results of the model.
 

Industrial and maintenance workers are currently employed and present at New
 

England Plastics Corporation. The worker population at this business is
 

likely to remain indoors most of the day. There is an open area behind the
 

building and it is assumed that during good weather, individuals could play
 

basketball and eat lunch and be outdoors foi" one hour each day. Thus, these
 

individuals could be exposed to contaminated soil via dermal absorption from
 

or incidental ingestion of contaminated soil. It is assumed that for the
 

average case scenario, an individual will be outdoors three days a week for
 

four months or 48 days per year for 10 years. For the plausible maximum
 

exposure scenario, an individual would be outside for five days each week for
 

five months or 100 days per year for 20 years of employment. The soil
 

concentrations an individual could be exposed to are summarized in Table 3-5.
 

In addition to exposure via direct contact with contaminated soils, the worker
 

population may inhale volatile organics release el from the soil. Cadmium and
 

lead are not considered in this pathway since they are riot volatile chemicals.
 

The volatilization of chemicals from the soil is dependent upon soil
 

conditions and the physicochemical properties of the compound. Highly organic
 

soils retard diffusion and mass transport because the soil particles can act
 

to sorb the organic compounds to them. This is true for compounds with high
 

Kocs such as bis(2-ethvlhexvl)phthalate as well as the more volatile compounds
 

such as tetrachloroethene, for example (Urano and Murata 1985). Highly porous
 

and dry soils have a higher diffusion rate because there are more air spaces
 

for the organic compounds to move through. A mathematical model (Karimi 1987)
 

summarized in Appendix C was used to calculate the emission rate due to soil
 

volatilization of organic contaminants in the New England Plastics Corporation
 

property soils. Table 3-6 summarizes the results of the model. Although the
 

area of contaminated soil is not vegetated, the generation of large quantities
 

of fugitive dust is assumed to be improbable since the area is so small.
 

3-:
 



TABLE 3-4
 

CONCENTRATION OF CHEMICALS OF POTENTIAL CONCERN IN PROCESS WATER AND
 
INDOOR AIR AT NEW ENGLAND PLASTICS CORPORATION
 

Water Concentration
 
(ug/liter)
 

Air Concentration (mg/mj)
 
C1
 r ̂ rr»  ̂t- -V -i ,-.
 

Compound Mean Maximum Average Maximum
 

trans-1. 2-Dichloroethene NA 9 2.19xlO'4
 

Tetrachloroethene 35.3 270 6.75xlO'4 5.16xlO-3
 

1,1, 1-Trichloroe thane 5.03 17 l.OSxlO-4 3.64xlO"4
 

Trichloroethene 12.2 52 2.58xlQ-4 l.lOxlO'3
 

NA = Not Applicable; geometric mean not calculated when only one positive
 
detection.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places
 
to the left (i.e., 2.4E-03 = 0.0024).
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TABLE 3-5
 

CONCENTRATION OF CHEMICALS OF POTENTIAL CONCERN
 
NEW ENGLAND PLASTICS CORPORATION PROPERTY SOILS
 

COMPOUND CONCENTRATION (ug/kg)
 

GEOMETRIC MEAN MAXIMUM
 

Acetone NA 120,000
 

Bis(2-ethylhexyl)phthalate 19,300 4,400,000
 

Cadmium 2,320 17,000
 

Lead 52,600 289,000
 

Methylene chloride 50.3
 

Tetrachloroethene 361 1,200,000
 

1,1,1-Trichloroethane 19.4 13,000
 

Trichloroethene 56.6 110,000
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TABLE 3-6
 

AIR CONCENTRATIONS RESULTING FROM VOLATILIZATION FROM SOIL
 
AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

Air Concentration (mg/mj)
 

Compound Average Maximum
 

6

Acetone NA 3.12x10"
 

-14 11
 
Bis(2-ethylhexyl)phthalate 4. 61x10 1.07x10"
 

-8 6
 
Methylene Chloride 1.73x10 3.23x10"
 

-8 5
 
Tetrachloroethene 2.28x10 7.62x10"
 

6

1,1,1-Trichloroethane 3.86x10" 2.59x10"
 

-9 6
 
Trichloroethene 4.40x10 8.55x10"
 

NA = Not applicable; mean not calculated with only one positive detection.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e. , the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified number
 
of places to the left (i.e., 2.4E-03 = 0.0024).
 



3 2  2 PROPERTY UNDER FUTURE-USE CONDITIONS
 

In the absence of institutional controls limiting access of future uses of the
 

New England Plastics property, there are additional exposure pathways that
 

must be evaluated. It is possible that in the future, the existing facilities
 

will be expanded or redeveloped. Future land use involving excavations for
 

utilities or construction would create the potential for workers to be exposed
 

to contaminated soils through dermal contact and subsequent incidental
 

ingestion as well as through inhalation. This type of exposure would be short-


term compared with the exposure scenario developed for industrial workers
 

under current-use conditions. Therefore, this scenario will not be
 

quant ified.
 

It is also possible that in the future, this property will be developed for
 

residential purposes. Should this occur, the potential exists for residents
 

living on the property to be exposed to contaminated soils during outdoor
 

activities. Exposure is assumed to occur via direct contact with contaminated
 

soils with subsequent ingestion and dermal absorption of chemicals The
 

exposure point concentration is assumed to be the same as that presented in
 

Table 3-5. This is a conservative assumption because the organic chemicals of
 

potential concern are likely to volatilize over time, thereby reducing their
 

soil concentration. Because these exposures are assumed to occur over a
 

lifetime, time-weighted averages for the amount of soil ingested per exposure
 

event, the dermal soil contact rate, and an individual's body weight were
 

calculated and used to quantitatively evaluate exposure of onsite residents
 

ovcr a 1 ifetime.
 

While an individual resident is outdoors, exposure to volatile organics may
 

occur. This exposure scenario provides a conservative estimate of exposure
 

because it assumes that the concentrations of the chemicals of potential
 

concern in soil remain constant over time. In reality, these concentrations
 

will decrease over time. The individual inhalation rate is averaged over a
 

lifetime, as in the direct contact with soil exposure scenario, to account for
 

age variations. The air concentrations derived under the current-use scenario
 

(Table 3-6) are assumed to apply here. It should be noted that this scenario
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doe-s not consider inhalation exposure of T*olatiles which could migrate from
 

outdoors into the home. Thus, in terms of total exposure, this scenario may
 

underestimate exposure and risk.
 

It is also possible that in the future a well to be used for drinking water
 

purposes will be installed at the New England Plastics property. Thus,
 

another exposure scenario would involve the ingestion of groundwater. Should
 

this water be used in a residential setting, exposures could occur via
 

inhalation and dermal contact from bathing or showering, washing clothes,
 

cooking, washing dishes, and any other household activities which involve the
 

use of water. In this endangerment assessment, exposure via ingestion and
 

dermal contact inhalation while showering will be evaluated. The groundwater
 

concentrations an individual might be exposed to are summarized in Table 3-7.
 

The groundwater concentrations of the chemicals of potential concern
 

summarized in Table 3-7 were used to estimate the concentrations that might be
 

expected to occur while showering. Using, a theoretical exposure model,
 

outlined in Appendix C, Section C.2, (Foster and Chrostowski 1986, 1987). the
 

transfer of volatile organic compounds from shower droplets into the air and
 

their subsequent inhalation were estimated. Based on this exposure- model, the
 

potential inhalation exposures to the groundwater contaminants which could
 

volatilize were quantified. The model does not estimate dermal absorption of
 

contaminants while showering. However, given the exposure scenario and the
 

physical and chemical properties of the organic compounds considered in this
 

assessment, dermal absorption is likely to result in minimal exposure as
 

compared to exposure via inhalation. The model estimates the intake level (in
 

mg/day), rather than the ambient air concentrations that might be expected
 

while showering. These values are presented in Table 3-8 for the geometric
 

mean and maximum concentrations of the contaminants in groundwater.
 

3.3 RISK ASSESSMENT
 

According to guidelines for preparing risk assessments as part of the RI/FS
 

process (EPA 1986a), the potential adverse effects on human health should
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TABLE 3-,
 

CONCENTRATION OF CHEMICALS OF POTENTIAL CONCERN
 
NEW ENGLAND PLASTICS CORPORATION PROPERTY GROUNDWATER
 

COMPOUND CONCENTRATION (ug/liter)
 

GEOMETRIC MEAN MAXIMUM
 

trans-1,2-Dichloroethene 3.2 11.0
 

Tetrachloroethene 49.4 330
 

1,1,1-Trichloroethane 6.9 26.0
 

Trichloroethene 19.6 59.0
 



TABLE 3-8
 

INTAKE OF CHEMICALS OF POTENTIAL CONCERN RELEASED TO THE AIR WHILE SHOWERING
 
WITH NEW ENGLAND PLASTICS CORPORATION PROPERTY GROUNDWATER
 

INTAKE (mg/kg/day)
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

5 -4
 trans - 1, 2-Dichloroethene 8.95x10' 3, .08x10
 

3 -3
 Tetrachloroethene 1.15xlCr 7, .68x10
 

4
1,1,1 - Tr ich lor oe thane 1 75x10' 6. .59x10 -4
 

4 -3
 Trichloroethene 4.93x10- 1. .48x10
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified number
 
of places to the left (i.e., 2.4E-03 - 0 0024).
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first be assessed where possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environment. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will
 

present a comparison of exposure point concentrations to the applicable or
 

relevant and appropriate requirements (ARARs) as well as a quantitative risk
 

assessment.
 

3.3.1	 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS AND
 
OTHER CRITERIA
 

In this section, the concentrations of chemicals of potential concern in
 

groundwater at the New England Plastics property are compared to ARARs. Table
 

3-9 presents this comparison, and as can be seen from the table, the geometric
 

mean and maximum conce ntrcit ions of trichloroc-thene exceed its MCL. The
 

geometric mean ronci r.t ration of 1, 1,1-trichl oroi. t hane is below its MCL \-hile
 

the maximum is equal to the MCL.
 

Tin. g e o m e t r i c MIL an tlnd Maximum concentrations of tetrachloroetlu-ne e-xcc-ed its
 

Massachusetts drinking water standard. The geometric mean and maximum
 

concentrations of trans-1.2-dichloroethene are below the Massachusetts
 

drinking water standard. There are no ARARs for soil.
 

3.3.2	 QUANTITATIVE RISK CHARACTERIZATION
 

To quantitatively assess the risks to human health associated with the future-


use exposure scenarios considered in this assessment, the concentrations of
 

chemicals in relevant environmental media (exposure point concentrations i
 

presented in Section 3.2 are converted to chronic daily intakes (GDIs) CDIs
 

are the amount of a substance taken into the body per unit body weight per
 

unit time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime
 

for carcinogens (EPA 1986b) and over the exposure period for noncarcinogens
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TABLE 3-9
 

COMPARISON OF CHEMICALS OF POTENTIAL CONCERN IN THE GROUNDWATER AT
 
THE NEW ENGLAND PLASTICS CORPORATION PROPERTY WITH ARARS AND GUIDANCE LEVELS
 

(mg/liter)
 

Concentration
 

Geometric Maximum Massachusetts
 
Compound Mean MCL Drinking Water Standard
 

trans -1 ,2-Dichloroethene 0.0032 0.011 -- 0.07 (a)
 

Tetrachloroethene 0.0494 0.33 -- 0.005
 

1,1, 1-Trichloroethane 0.0069 0.026 0.20 0.20
 

Trichloroethene 0.0196 0.059 0.005 0.005
 

(a) Proposed.
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(EPA 1986c). Section 1.4.4 summarized the methodology that will be used in
 

this section.
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
 

exposed populations, and exposure conditions such as frequency and duration of
 

exposure. For each exposure scenario evaluated, two exposure cases--an
 

average case and plausible maximum case--are considered. For the average
 

exposure case, geometric mean concentrations are used together with what are
 

considered to be the most likely (although conservative) exposure conditions.
 

For the plausible maximum case, the highest irr-asured concentrations are used
 

together with high estimates of the range of potential exposure parameters
 

relating to the frequency/duration of exposure and quantity of contaminated
 

media contacted. It should be noted that the exposure scenarios assumed for
 

the plausible maximum case, while considered possible, are likely to apply, if
 

at all, to only a very small segment of the potintia]ly exposed populations.
 

Chronic daily intakes, excess lifetime cancer risks, and CDI:RfD ratios for
 

the site-related chemicals considered in this assessment, as well as the
 

assumptions and procedures used to calculate these values, are shown below for
 

each scenario evaluated.
 

3.3.2.1 Property Under Current-Use Conditions
 

Inhalation of Volatiles Released During Process. Related Activities. Three
 

process wells are used at New England Plastics Corporation. The groundwater
 

from these wells flows through troughs in the facility. Indoor air
 

concentrations were derived in Section 3.2.1 assuming that the concentrations
 

emitted from the large trough were the same dS those emitted from the others.
 

This may tenel to over estimate exposure since the other troughs are smaller.
 

The assumptions used in the evaluation are summarized in Table 3-10. It is
 

assumed that an individual works in the facility eight hours a day, five days
 

each week, for 50 weeks a year. The individual works at this facility for 10
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TABLE 3-10
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR INDOOR AIR EXPOSURE BY WORKERS
 
AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

Plausible 
Parameters Average Exposure Maximum Exposure 

Frequency of Exposure 8 hr/day for 8 hr/day for 
50 weeks/yr 50 weeks/yr 

Duration of Exposure 10 yr 20 yr 

Average Weight 70 kg 70 kg 

Inhalation Rate 2.6 m 3/hr 2.6 m 3/hr 

Average Lifetime 70 yr 70 yr 

3-19
 



years and 20 years under average and plausible maximum exposure scenarios,
 

respectively. Using these assumptions, chronic daily intake (GDI) estimates
 

for inhalation of volatiles by workers at the facility can be calculated. The
 

formulae used are presented in Section C.4 of Appendix C of this endangerment
 

assessment. Table 3-11 presents the average and plausible maximum GDIs and
 

the potential carcinogenic and noncarcinogenic risks associated with these
 

exposures.
 

The upper bound lifetime excess cancer risks associated with chemicals
 

exhibiting potential carcinogenic effects are 1x10 (i.e., one in ten
 

million) and 1x10 (i.e., one in one million) for the average and plausible
 

maximum exposure cases, respectively. Exposure- to the chemicals exhibiting
 

noncarcinogenic effects appears to represent a low probability of adverse
 

health effects based on the conditions of both average and plausible maximum
 

exposure, since the hazard indices are less than one.
 

Direct contact with contaminated soil - current workers. Under current-use
 

conditions, industrial workers employed at the Xew England Plastics
 

Corporation property could be exposed to contaminated soils. Direct contact
 

with the contaminated soil could lead to dc-rnv.] contact and absorption of
 

contaminants through the skin, as well as inadvertent ingestion of the
 

compounds.
 

Table 3-12 presents the assumptions used in assessing exposure via these
 

pathways. These assumptions were based on the exposure pathway analysis
 

presented in Section 3.2 and the best current]v available information. EPA
 

standard assumptions for average lifetime (70 years) and adult body weight (70
 

kg) were used (EPA 1985c).
 

Average and plausible maximum incidental ingestion rates for the workers are
 

25 and 100 mg/day. The derivation of these rates is discussed in Appendix C,
 

and was based primarily on the work of Lagoy (1987).
 

Values of 400 mg/day and 990 mg/day are used as the average and plausible
 

maximum estimates of soil contact rates for dermal exposure. These values are
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TABLE 3-11
 

EXPOSURE AND RISKS ASSOCIATED U1TH THE INHALATION OF VOLATILE ORGANIC COMPOUNDS RELEASED
 

DURING INDUSTRIAL PROCESSES AT THE NEW ENGLAND PLASTICS CORPORATION
 

A. POTENTIAL CARCINOGENIC RISKS 

CONCENTRATION IN AIR 

(mg/m3) 

CHRONIC DAILY INTAKE 

70-kg ADULT PRORATED 

OVER A 70-YEAR LIFETIME 

(mg/kg/d) 

LIFETIME UPPER BOUND 

EXCESS CANCER RISK 

COMPOUND 

GEOMETRIC 

MEAN 
MAXIMUM AVERAGE PLAUSIBLE 

MAXIMUM 

FACTOR 
(mg/kg/d)-1 

AVERAGE PLAUSIBLE 
MAXIMUM 

Tetrach loroethene 
Trichloroethene 

6.75E-04 
2.58E-04 

5.16E-03 
1.10E-03 

1.96E-05 
7.51E-06 

3.00E-04 
6.40E-05 

3.30E-03 
4.60E-03 

6.5E-08 
3.5E-08 

9.9E-07 
2.9E-07 

TOTAL 1E-07 1E-06 

B. POTENTIAL NONCARCINOGENIC RISKS (a) 

CONCENTRATION IN AIR 

(mg/m3) 

CHRONIC DAILY INTAKE 
(CDI), 70-kg ADULT 

(mg/kg/d) 
RATIO OF CDI :RfD 

COMPOUND 

GEOMETRIC

MEAN 

 MAXIMUM AVERAGE PLAUSIBLE 

MAXIMUM 

RfD 
(mg/kg/d) 

AVERAGE PLAUSIBLE 

MAXIMUM 

trans-1 ,2-Dichloroethene 
Tetrach loroethene 
1,1,1 -T rich loroe thane 

NA

6.75E-04
1.08E-04

 2.19E-04 

 5.16E-03 
 3.64E-04 

1.37E-04
2.19E-05

4.46E-05 
 1.05E-03 
 7.40E-05 

1 .OOE-02 
2.00E-02 
3.00E-01 

6.87E-03
7.30E-05

4.46E-03 
 5.25E-02 
 2.47E-04 

HAZARD INDEX O (0.007) <1 (0.06) 

(a) Noncarcinogens and potential carcinogens with RfDs wree evaluated for noncarcmogemc risk.
 

NA = Not applicable; geometric mean not calculated with only one positive detection.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 
(i.e., the size of the number). A negative exponent indicates that the decimal should be moved the
 
specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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TABLE 3-12
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT BY WORKERS
 
WITH SOIL AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight
 

Incidental Ingestior- Rate
 

Percent of Phthalates Absorbed
 
from Ingested Soils
 

Percent Other Organic Compounds
 
Absorbed from Ingested Soil
 

Soil Contact Rate
 

Percent Phthalates Absorbed
 
Dermallv from Skin
 

Percent Other Organic Compounds
 
Absorbed Dermally from Skin
 

Average Lifetime
 

Average Exposure
 

48 days
 

10 yr
 

70 kg
 

25 nu;/davs
 

15%
 

100%
 

400 mg/day
 

0.3%
 

1%
 

70 years
 

Plausible
 
Maximuir Exposure
 

100 days
 

20 yr
 

70 kg
 

100 irg/davs
 

45%
 

lOOt
 

°90 rrg/day
 

10%
 

70 vears
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contact rates for each exposure event and are based on a consideration of
 
r\ <•)
 

contact rates in mg soil/cm skin (0.5-1.5 mg/cm ) from Schaum (1984), surface
 

area of parts of the body that are likely to be in contact with soil (e.g.,
 
9 9z
approximately 840 cm^ for the palms of the hands and 1,140 cm  for the
 

forearms) from Anderson et al. (1985), and of certain subjective factors.
 

Although these are reasonable values they have not been validated and are thus
 

a source of uncertainty in the risk calculation.
 

The derivation of the absorption factors are summarized in Appendix C, Section
 

C.3. These factors are based upon the likelihood that the chemicals will be
 

adsorbed onto the soil (e.g., phthalate esters) and hence, be less
 

bioavailable than these same chemicals in drinking, water, for example.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

soil ingestion and dermal absorption of chemical contaminants can be
 

calculated. The formulae used are presented in Appendix C, Section C.3, of
 

this endangerment assessment. The total GDI a.ssociated with direct contact
 

with soils is the sum of the GDIs from incidental ingestion and dermal
 

absorption. Table 3-13 presents the average and plausible maximum GDIs, as
 

well as the potential carcinogenic and noncr.rc inor.enic risks associated with
 

these exposures.
 

The upper bound lifetime excess cancer risks associated with chemicals
 
Q
 

exhibiting potential carcinogenic effects are 7x10"° (i.e. , seven in one
 

hundred million) for the average exposure case and 4x10 (i.e. , four in one
 

hundred thousand) for the plausible maximum exposure case. Exposure to the
 

chemicals exhibiting noncarcinogenic effects appears to present a low
 

probability of adverse health effects based on the conditions of both average
 

and plausible maximum exposure, as the hazard indices are both less than one.
 

Inhalation of volatiles released from contaminated soil - current workers.
 

Industrial workers at the New England Plastics Corporation property who eat
 

lunch outside or play basketball may be exposed via inhalation to volatile
 

organics released from the soil.
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The assumptions used to assess exposure via this pathway are summarized in
 

Table 3-14. The frequency and duration of exposure are those developed under
 

the direct contact scenario. EPA standard assumptions for average lifetime
 

(70 years), adult body weight (70 kg) and average adult breathing rate for
 

moderate activity were used (EPA 1985c).
 

Table 3-15 presents the average and plausible maximum GDIs and potential
 

carcinogenic and noncarcinogenic risks associated with these exposures. The
 

upperbound lifetime excess cancer risks associated with chemicals exhibiting
 

potential carcinogenic effects are 3xlO~iiĴ   (i.e., three in ten trillion) and
 

1x10 (i.e., one in one billion) for the average and plausible maximum
 

exposure cases, respectively. Exposure to the chemicals exhibiting
 

noncarcinogenic effects appears to present a low probability of adverse health
 

effects based on the condition of both average and plausible maximum
 

exposures, since the hazard indices are both less than one.
 

Property Under Future-Use Conditions
 

In the absence of institutional controls limiting access of future uses of the
 

Xew England Plastics propertv, there are a d d i t i o n a l exposure pathwavs that
 

must be evaluated. It is possible that in the future, construction activities
 

or excavations for utilities would create the potential for workers to be
 

exposed to contaminated soils through dermal contact and subsequent incidental
 

ingestion as well as through inhalation. This type of exposure would be short
 

term compared with either the scenario developed in Section 3.3.2.1 for
 

current industrial workers or the scenario developed below for future
 

residents, and thus this short term exposure scenario will not be quantified.
 

Direct contact with contaminated soil - future residents. If the New England
 

Plastics Corporation propertv were redeveloped for residential purposes, the
 

potential exists for residents living on the property to be exposed to
 

contaminated soils during outdoor activities. Table 3-16 summarizes the
 

average and plausible maximum exposure assumptions used in this evaluation.
 

These assumptions are derived from the same sources as mentioned above for the
 

current-use direct contact scenario, but differ in that they are average
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TABLE 3-14
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR OUTDOOR INHALATION EXPOSURE
 
OF INDUSTRIAL WORKERS AT THE NEW ENGLAND PI.ASTICS CORPORATION PROPERTY
 

Parameters


Frequency of Exposure


Duration of Exposure


Length of Employment


Inhalation Rate


Average Body Weight


Average Lifetime


 Average Exposure


 1 hr/d


 48 d/yr


 10 yr


 2.6 m3/hr


 70 kg


 70 yr


Plausible
 
 Maximum Exposure
 

1 hr/d
 

 100 d/yr
 

 20 yr
 

 2.6 m3/hr
 

 70 kg
 

 70 yr
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TABLE 3-15
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINANTS RELEASED FROM SURFACE SOILS
 

BY WORKERS AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE
 

CONCENTRATION IN AIR 70-kg ADULT PRORATED
 

(mg/m3) OVER A 70-YEAR LIFETIME
 

I. nig/ Kg /a;
 

GEOMETRIC MAXIMUM PLAUSIBLE FACTOR
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1
 

Bis(2-ethylhexyl)phthalate 4.61E-14 1.07E-11 3.47E-17 3.34E-14 8.40E-03
 

Methylene chloride 1.73E-08 3.23E-06 1.30E-11 1.01E-08 1.40E-02
 

Tetrachloroethene 2.28E-08 7.62E-05 1.72E-11 2.38E-07 3.30E-03
 

Trichloroethene 4.40E-09 8.55E-06 3.31E-12 2.68E-08 4.60E-03
 

TOTAL
 

B. POTENTIAL NONCARCINOGENIC RISKS (a)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE
 

(mg/m3) (CDI), 70-kg ADULT
 

i my/ *y/uj
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)
 

Acetone NA 3.12E-06 NA 3.42E-08 3.00E+00
 

Bis(2-ethylhexyl )phthalate 4.61E- 14 1.07E-11 2.43E -16 1.17E-13 2.00E-02
 

Methylene chloride 1.73E-08 3.23E-06 9.10E -11 3.54E-08 6.00E-02
 

Tetrachloroethene 2.28E-08 7.62E-05 1 .20E -10 8.35E-07 2.00E-02
 
1,1,1 -Tnchloroethane 3.86E-09 2.59E-06 2.03E - 1 1 2.84E-08 3.00E-01
 

HAZARD INDEX
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NA = Not applicable; mean not calculated with only one positive detection.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should
 

be moved the specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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LIFETIME UPPER BOUND
 

CALCSS UHNl, C.K. KISS.
 

PLAUSIBLE
 

AVERAGE MAXIMUM
 

2.9E-19 2.8E-16
 

1.8E-13 1.4E-10
 

5.7E-14 7.9E-10
 

1.5E-14 1.2E-10
 

3E-13 1E-09
 

RATIO OF CDI :RfD
 

PLAUSIBLE
 

AVERAGE MAXIMUM
 

NA 1.14E-08
 
1, .21E-14 5.85E-12
 
1 , .52E-09 5.90E-07
 

6. .01E-09 4.17E-05
 
6. .77E-11 9.45E-08
 

(8E-09) (4E-05)
 



TABLE 3-16
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT BY FUTURE
 
RLSILi'NTS VITH SOIL AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight
 

Incidental Ingestion Rate3
 

Percent Phthalates Absorbed
 
from Ingested Soils
 

Percent Other Organic Compounds
 
Absorbed from Ingested Soils
 

Soil Contact Rated
 

Percent Phthalates Absorbed
 
Dernvilly from Skin
 

Percent Other Organic Compounds
 
Absorbed Dermally from Skin
 

Average Lifetime
 

Based on a lifetime average.
 

Average Exposure
 

100 d/yr
 

70 yr
 

70 kg
 

54 mg/d
 

15%
 

100%
 

0.79 g/d
 

1%
 

70 years
 

Plausible
 
Maximum Exposure
 

168 d/yr
 

70 yr
 

70 kg
 

145 mg/d
 

45%
 

100s,
 

5.4 g/d
 

10%
 

70 years
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lifetime exposures. Time-weighted averages for the amount of soil ingested
 

per exposure event and the dermal soil contact rate were calculated and used
 

to quantitatively evaluate exposure of onsite residents over a lifetime.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

soil ingestion and dermal absorption of chemical contaminants can be
 

calculated. The formulae used are presented in Appendix C of this
 

endangerment assessment The total GDI associated with direct contact with
 

soils is the sum of the GDIs from incidental ingestion and dermal absorption.
 

Table 3-17 presents the average and plausible maximum GDIs, as well as the
 

potential carcinogenic and noncarcinogenic risks associated with these
 

exposures
 

The upper bound lifetime excess cancer risks associated with chemicals
 
o
 

exhibiting potential carcinogenic effects are 1x10 (i.e. , one in one hundred
 

million) for the average exposure case and 8x10 (i.e., eight in ten
 

thousand) for the plausible- maximum exposure case Under the conditions of
 

the average case . exposure to the chemicnls of potential concern exhibiting
 

noncarcinogenic effects appear to present a low probability since the ratios
 

of the CDI RfD aie below one and the hazard index is below one. However,
 

under the plausible maximum scenario, the hazard index exceeds one primarily
 

because of exposure to bis(2-ethylhexyl)phthalate. A hazard index greater
 

than one suggests that exposure may be associated with adverse health effects.
 

Inhalation of volatiles - future residents. In addition to direct contact
 

with contaminated soil, residents could be exposed to chemicals volatilizing
 

from soil '.;hilc- they aie out of doors. Table J-18 summarizes the- avtiagc ^nd
 

plausible maximum exposure assumptions used in this evaluation. A time-


weighted average inhalation rate for moderate activity (EPA 1985c) was used to
 

evdlunte t-xposui e It should be noted that this scenario does not consider
 

inhalation exposure of volatiles which could migrate from outdoors into the
 

home. Thus, in terms of total exposure, this scenario may underestimate
 

exposure and risk.
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TABLE 3-18
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR OUTDOOR INHALATION EXPOSURE
 
BY FUTURE RESIDENTS AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

Plausible 
Parameters Average Exposure Maximum Exposure 

Frequency of Exposure 1 hr/day 3 hr/day 

Duration of Exposure 100 d/yr 168 d/yr 

Inhalation Ratea 2.1 m 3/hr 2.1 m 3/hr 

Average Weight 70 kg 70 kg 

Average Lifetime 70 yr 70 yr 

Based on a lifetime average. 

3-31
 



The average and plausible maximum GDIs and potential risks associated with
 

exposure via this pathway are summarized in Table 3-19. The potential
 

upperbound excess lifetime cancer risk is 3x10
1 9 

 (i.e., three in one
 
Q
 

trillion) for average exposure conditions and 1x10 (i.e., one in one hundred
 

million) for plausible maximum exposure conditions. Exposure to the
 

noncarcinogenic compounds appears to represent a low probability of adverse
 

health effects based on the conditions of both average and plausible maximum
 

exposure, since the hazard indices are less than one.
 

Ingestion of groundwater - future residents. Under this future-use scenario,
 

it is assumed that there are no future remedial actions and institutional
 

actions limiting access to the use of the groundwater. Hence, individuals
 

could be exposed to groundwater contaminants by direct ingestion of tap water.
 

The average individual is assumed to weigh 70 kg and drink 2 liters of water
 

each day for 70 years (an average lifetime). Based on these assumptions, and
 

the existing chemical concentrations in the groundwater, chronic daily intakes
 

were derived and are presented in Table 3-20. The risks associated with these
 

intake levels are also presented for chemicals potentially exhibiting
 

carcinogenic and noncarcinogenic effects.
 

The upper bound lifetime excess cancer risks associated with ingestion are
 

8x10 (i.e., eight in one hundred thousand) and 5x10 (i.e. , five in ten
 

thousand) for the average and plausible maximum cases, respectively. The
 

hazard index for the average exposure scenario is less than one indicating a
 

low probability of adverse health effects. Under the plausible maximum
 

exposure scenario, the CDI:RfD ratios for the individual chemicals of
 

potential concern and the hazard index are all below one.
 

Inhalation of contaminants while showering. In addition to ingestion of
 

groundwater, inhalation of volatilized contaminants can occur while using the
 

water for nonconsumptive uses. Exposure to individuals while showering is
 

quantified here. The shower model of Foster and Chrostowski (1987), discussed
 

in Appendix C, Section C.2, was used to quantify exposure via this pathway.
 

The potential health risks associated with the estimated inhalation exposures
 

while showering are presented in Table 3-21. It should be noted that while
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TABLE 3-19
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION Cf CONTAMINANTS RELEASED FROM SURFACE SOILS
 

BY RESIDENTS AT THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE
 

CONCENTRATION IN AIR 70-kg ADULT PRORATED
 

(mg/m3) OVER A 70-YEAR LIFETIME
 

POTENCY
 

GEOMETRIC MAXIMUM PLAUSIBLE FACTOR
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1
 

Bis(2-ethylhexyl)phthalate 4.61E-14 1.07E-11 3.80E-16 4.44E-13 8.40E-03
 

Methylene chloride 1.73E-08 3.23E-06 1.43E-10 1.34E-07 1.40E-02
 

.Tetrach Loroethene 2.28E-08 7.62E-05 1. BSE- 10 3.16E-06 3.30E-03
 

Trichloroethene 4.40E-09 8.55E-06 3.63E-11 3.55E-07 4.60E-03
 

TOTAL
 

B. POTENTIAL NONCARCINOGEN1C RISKS (a)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE
 

(mg/m3) (CDI), 70-kg ADULT
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)
 

Acetone NA 3.12E-06 NA 1.30E-07 3.00E+00
 

Bis(2-ethylhexyl)phthalate 4.61E-14 1.07E-11 3.80E-16 4.44E-13 2.00E-02
 

-Methylene chloride 1.73E-08 3.23E-06 1.43E-10 1.34E-07 6.00E-02
 

Tetrachloroethene 2.28E-08 7.62E-05 1.88E-10 3.16E-06 2.00E-02
 

1 , 1 , 1-Trichlorocthane 3.86E-09 2.59E-06 3.18E-11 1.08E-07 3.00E-01
 

HAZARD INDEX
 

;a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

"""NA = Not applicable; mean not calculated with only one positive detection.
 

•JOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

---(i.e.,	 the magnitude of the number). A negative exponent indicates that the decimal should
 

be moved the specified number of places to the left (i.e., 2.4E-03 = 0.002".).
 

3-3:
 

LIFETIME UPPER BOUND
 

AVERAGE
 

3.2E-18
 

2.0E-12
 

6.2E-13
 

1.7E-13
 

3E-12
 

RATIO OF CDI
 

AVERAGE
 

NA
 

1.90E-14
 

2.38E-09
 

9.42E-09
 

1.06E-10
 

<1 (1E-08)
 

PLAUSIBLE
 
MAXIMUM
 

3.7E-15
 

1.9E-09
 

1.0E-08
 

1.6E-09
 

1E-08
 

:RfD
 

PLAUSIBLE
 

MAX I MUM
 

4.32E-08
 

2.22E-11
 

2.24E-06
 

1.58E-04
 
3.58E-C7
 

<1 (2E-04)
 



TABLE 3-20
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF GROUNDWATER AT NEW ENGLAND PLASTICS PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE 

COMPOUND MEAN AVERAGE MAXIMUM <mg/kg/d)-1 AVERAGE MAXIMUM 

Tet rach I oroethene 49.4 330 1.41E-03 9.43E-03 5.10E-02 7.2E-05 4.8E-04 

Tn chloroethene 19.6 59.0 5.60E-04 1.69E-03 1.10E-02 6.2E-06 1 .9E-05 

TOTAL 8E-05 5E-04 

B. NONCARCINOGENIC EFFECTS 

CHRONIC DAILY INTAKE 

CONCENTRATION (ug/L) (CDI) (mg/kg/d) RATIO OF CDI :RfD 

KCftKtNLC UUSC 

GEOMETRIC MAXIMUM PLAUSIBLE (RfD) PLAUSIBLE 

COMPOUND MEAN AVERAGE MAXIMUM (ng/kg/d) AVERAGE MAXIMUM 

trans -1 ,2-Di chloroethene 3.2 11 9.14E-05 3.14E-04 1.00E-02 9.1E-03 3.1E-02 

Tet rach I oroethene 49.4 330 1.41E-03 9.43E 03 2.00E-02 7.1E 02 4.7E 01 

1,1 , 1-Tnchloroethane 6.9 26 1.97E-04 7.43E-04 9.00E-02 2.2E-03 8.3E-03 

HAZARD INDEX (0.08) (0.5) 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarc mogenic risk. 

-NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should 

be moved the specified number of places to the left (i.e., 2.4E-03 = 0.0024). 
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TABLE 3-21
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF VAPORS WHILE SHOWERING
 

WITH GROUNDWATER FROM THE NEW ENGLAND PLASTICS CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE L I F E T I M E UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) -1 AVERAGE MAXIMUM 

Tetrachloroethene 1.15E-03 7.68E-03 3.30E 03 3.8E-06 2.5E-05 

Trichloroethene 4.93E-04 1.48E-03 4.60E-03 2.3E-06 6.8E-06 

TOTAL 6E-06 3E-05
 

B. NONCARCINOGENIC EFFECTS (a)
 

CHRONIC DAILY INTAKE 

(CDI) (mg/kg/d) RATIO OF CDI:RfD 

REFERENCE DOSE 

PLAUSIBLE (PfD) PLAUSIBLE 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM 

trans-1,2-Dichloroethene 8.95E-05 3.08E-04 1.00E-02 8.9E-03 3.1E-02 

Tetrachloroethene 1.15E-03 7.68E-03 2.00E-02 5.7E-02 3.8E-01 

1,1,1-Trichloroethane 1.75E-04 6.59E-04 3.00E-01 5.8E-04 2.2E-03 

HAZARD INDEX <1 (0.07) <1 (0.4) 

(a) Noncarcmogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should
 

be moved the specified number of places to the left (i.e., 2 4E 03 = 0.0024).
 



the chronic daily intake for exposure to volatile organic contaminants in
 

groundwater via ingestion and inhalation are comparable, as expected from the
 

literature (Foster and Chrostowski 1987, McKone 1987. EPA 19841), the risks
 

from this exposure will vary due to differences in the oral and inhalation
 

potency factors.
 

The excess lifetime upper bound cancer risks associated with the average and
 

plausible maximum cases were 6x10 (i.e., six in one million) and 3x10
 

(i.e., three in one hundred thousand), respectively. For chemicals exhibiting
 

noncarcinogenic effects, the individual CDI:RfD ratios for each compound under
 

both average and plausible maximum conditions were below one as was the
 

corresponding hazard index.
 

3.3.3 MULTIMEDIA EXPOSURES
 

Exposure via one of the pathways discussed nbove for the future -use scenarios
 

do os not preclude exposures via other pathv\,vs For example, residents of the
 

c<rea may bo exposed to contaminated soil and contaminated tap water. Exposure
 

by one route generally dominates the exposure and risk calculations, and by
 

adding exposures from other routes is unliktl^ to have a substantial effect or
 

risks. For example, under the average future-use scenario, the upper bound
 

excess lifetime cancer risk associated with direct contact with soil is
 

2x10"° and inhalation of volatiles released from soil is 2x10" -*- . The upper
 

bound lifetime cancer risk associated with the inhalation of vapors released
 

while showering is 6x10 , and that associated with the ingestion of
 

groundwater is 4xlO~ . The sum of these three -"dlues is approximately equal
 

to the risk value Associated with ingestion of groundwater alone. Therefore.
 

in this situation, the quantitative risk is dominated by only one type of
 

exposure and it may be concluded that groundvater is the medium of most
 

concern from the human health standpoint
 

3.4 SUMMARY OF NEW ENGLAND PLASTICS CORPORATION PROPERTY EVALUATION
 

This section of the Endangerment Assessment for the New England Plastics
 

Corporation property is a baseline assessment, which evaluates potential
 



impacts to human health in the absence of further remedial actions under both
 

current- and future-use scenarios. Chemicals of potential concern were
 

selected based on the sampling data of the environmental media and
 

consideration of toxicity. Soil chemicals of potential concern were acetone,
 

bis(2-ethylhexyl)phthalate, cadmium, lead, methylene chloride,
 

tetrachloroethene, 1,1,1-trichloroethane, and trichloroethene. The
 

groundwater chemicals of potential concern were' trans-1.2-dichloroethene.
 

tetrachloroethene, 1,1,1-trichloroethane. and trichloroethene.
 

Under current land-use conditions at the New England Plastics Corporation
 

property, the principal exposure pathways by which human receptors could
 

potentially be exposed to site contaminants were direct contact of industrial
 

workers with surface soils, inhalation of volatiles released from soils, and
 

inhalation of volatiles released from the process water. Average and
 

plausible maximum exposure scenarios were developed for this pathway. The
 

exposure point concentrations of the chemicals of potential concern were
 

estimated for the potentially exposed population. Human health risks were
 

assessed based on these estimates of exposure and a quantitative description
 

of each compound's toxicity. The major conclusions can be summarized as
 

foilows:
 

Exposure of workers to volatiles released from the water used in the
 
production process could result in potential excess upper bound
 
lifetime cancer risks of 1x10"' for the average exposure case and
 
2x10 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

Exposure of workers to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 7x10 for the average exposure case and
 
4x10 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

Exposure of workers to volatiles released from contaminated soil could
 
- t o
 

result in potential upperbound lifetime excess cancer risks of 3x10
 
and 1x10 for the average and plausible maximum exposure cases.
 



respectively. The hazard indices are both less than one for the
 
average and plausible maximum cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to uses of the groundwater were considered. The groundwater
 

uses included ingestion of groundwater and inhalation of volatile organic
 

chemicals released while showering. Average and plausible maximum exposure
 

scenarios were developed. The conclusions are as follows:
 

Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 1x10 for the average exposure case
 
and 8x1O"4 for the plausible maximum exposure case. Under the
 
conditions of the average case, the ratios of the CDI:RfD are below
 
one and the hazard index is below one. However, under the plausible
 
maximum scenario, the hazard index exceeds one.
 

Inhalation of volatiles released from contaminated soil could result
 
in potential upperbound lifetime excess cancer risks of 3x10

1 9 
 for
 

average exposure conditions and 1x10 for plausible maximum exposure
 
conditions. The hazard indices were less than one for both the
 
average and plausible maximum cases.
 

Ingestion of groundwater could result^in potential upper bound
 
lifetime excess cancer risks of 8x10 "J and 5x10 for the r.verr.re and
 
plausible maximum cuses, respectively. The- hazard index was less tluii
 
1 for both the average and plausible maximum cases.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 6x10 and 3x10 potential upper bound excess
 
lifetime cancer risk for the average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for both the average
 
and plausible maximum cases.
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4.0 OLYMPIA NOMINEE TRUST COMPANY
 

The Olympia Nominee Trust Company property covers 21 acres of land in the
 

northern section of the Wells G & H site study area west of the V.R. Grace
 

Company property. This property was and still is used for transportation and
 

trucking operations. Diesel and gasoline fuels are stored in underground
 

tanks on the site. An underground gasoline- storage tank leak in the trucking
 

area and a pile of drums on the southwest portion of the site were identified.
 

The leaking gasoline storage tank was removed in 1986; the resulting
 

groundwater contamination is being investigated by the Commonwealth of
 

Massachusetts. Drums and some surrounding soil were investigated and removed
 

in both 1986 and 1987 under orders issued bv the EPA. The property is
 

presently being leased to United Truck Leasing Corporation.
 

4.1 CHEMICALS OF POTENTIAL CONCERN
 

The basis for the selection of chemicals of potential concern is outlined in
 

Appendix A of this document. Validated analytical data collected during the
 

Ebasco supplementary remedial investigation and the methodology presented in
 

the Superfund Public Health Evaluation manual (F.PA 19S6a) were used to
 

evaluate the nature and extent of contamination and to select the chemicals
 

which pose the greatest threat to human health and the environment. The
 

Aberjona River and wetlands are adjacent to this property and some sampling
 

data are available. Discussion of these areas will be treated together in the
 

nonsource area section of this report (Section 7) and the ecological risk
 

assessment in Section 8.
 

4.1.1 SOIL
 

Soil sampling on the Olympia Nominee Trust property conducted as part of
 

removal operations in 1985 and 1986 revealed the presence of organic
 

compounds. Contaminated soil and drums were excavated and removed from the
 

site in 1986 and 1987. Soil samples collected during the supplemental RI
 

(Ebasco 1988a) will be used to select chemicals of potential concern since
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thtst. data reflect conditions at this propel t\ «s they currently exist
 

Figure 4-1 shov;s the sampling Locations.
 

The surface soil sampling data (complete data tables are presented in Appendix
 

E) reveal that sampling point OL-SS04 contained the most organic constituent
 

contamination The polynuclear aromatic hydrocarbons (PAHs) detected at this
 

sampling location are summarized in Table 4-1 along with their concentrations
 

Both the potentially carcinogenic and noncarcinogenic PAHs will be considered
 

in this assessment. The toxicity of carcinogenic PAHs is well established
 

whereas there is relatively little data on PAHs which show non-carcinogenic
 

effects. For example, naphthalene is the only non-carcinogenic PAH for which
 

EPA has derived an RfD All of the nonCdi'cinogenic PAHs will be evaluated
 

assuming that each has the same RfD as naphthalene. The potentially
 

carcinogenic and noncarcinogenic PAHs are summed separately to determine the
 

total concentration of each class present at this property. The geometric
 

mean concentration is the mean of the totals rather than the sum of the
 

geometric mean concentration of each PAH found in the soil Thus, the total
 

geometric mean concentration in Table 4-1 will not equal the sum of the
 

individual PAHs.
 

The pesticides detected at this location are 4,4'-DDT and its degradation
 

products 4,4'-DDD and 4.4'-DDE which will be treated together since there is
 

only toxicity information on 4,4'-DDT The other sampling locations contained
 

low (below 100 ug/kg for the most part) or nondetectable levels of the organic
 

constituents The subsurface soils generally contained different organic
 

compounds, as seen in Table 4-1. Here volatile orpanics were the primary
 

contan in«nt s dcttctfd It is likely that di these low levels (i e nc <ii the
 

detection limit), the data are revealing degassing levels from the
 

groundwater, as opposed to actual soil contamination and are therefore not
 

considered as chemicals of potential concein To summarize, the organic,
 

chemicals of potential concern for the soils at the Olympia property are
 

carcinogenic and noncarcinogenic PAHs and 4,4'-DDT and its degradation
 

products.
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TABLE 4-1
 

COMPOUNDS DETECTED IN SOIL AT OLYMPIA PROPERTY OF WELLS G & H SITE
 

COMPOUND SURFACE SOIL SUBSURFACE SOIL
 

FREQ. OF GEOMETRIC FREQ. OF GEOMETRIC
 
DETECTION MEAN MAXIMUM DETECTION MEAN MAXIMUM
 

ORGAN ICS (ug/kg)
 

VOLATILES
 

BENZENE ND 1/20 NR 2.00
 
CHLOROFORM 1/11 2.60 4.00 3/20 2.55 4.00
 
TRANS- 1,2-D1CHLOROETHENE ND 1/19 NA 4.00
 
METHYLENE CHLORIDE ND 1/5 NA 7.00
 
TETRACHLOROETHENE ND 4/20 2.86 9.00
 
TOLUENE ND 2/20 NR 2.00
 
1.1,1-TRlCHLORETHANE 1/15 2.60 5.00 ND
 
TRICHLOROETHENE 1/15 2.70 8.00 4/20 3.09 19.0
 

SEMI -VOLATILES
 

ACENAPHTHYLENE 1/15 NA 440 ND
 
ANTHRACENE 1/14 NA 320 ND
 
BENZOIC ACID 1/15 NA 210 ND
 
BENZO(A)ANTHRACENE 6/15 60.9 590 2/20 NR 1.00
 
BENZO(A)PYRENE 4/15 90.1 520 1/20 NR 6.00
 
BENZO(B)FLUORANTHENE 5/15 70.0 1100 1/20 NR 10.0
 
BENZO(g,h,i)PERYLENE 3/15 118 230 ND
 
BENZOdOFLUORANTHENE 1/15 NA 250 1/20 NA 370
 
B1SC2-ETHYLHEXYLPHTHALATE 2/10 NR 5.00 4/20 NR 89.0
 
BUTYLBENZYL PHTHALATE 1/14 NR 1.00 ND
 
CHRYSENE 5/13 42.3 630 2/20 NR 15.0
 
DIBENZ(A,H)ANTHRACENE 1/15 NR 3.00 ND
 
3,3-DICHLOROBENZlDlNE 1/15 NR 2.00 ND
 
DIETHYL PHTHALATE 1/15 NR 0.40 ND
 
Dl-N-BUTYL PHTHALATE 6/13 NR 7.00 6/20 NR 5.00
 
FLUORANTHENE 4/11 50.8 1100 ND
 
FLUORENE 1/15 NR 18.0 ND
 
INDENOO,2,3-CD)PYRENE 1/14 NR 3.00 ND
 
2-METHYLNAPHTHALENE ND 1/20 NR 6.00
 
NAPHTHALENE ND 2/20 156 980
 
PHENANTHRENE 3/13 NR 2.00 2/20 NR
 
PYRENE 5/12 39.0 850 ND
 
1 ,2,4-TRICHLOROBENZENE ND 1/20 NR 73.0
 
CARCINOGENIC PAHS, TOTAL 7/15 31.3 3410 3/20 4.00 401
 
NONCARCINOGENIC PAHS, TOTAL 7/15 16.9 2620 3/20 25.0 980
 

PESTIC1DES/PCBS/DIOXINS
 

4,4'-DDT 1/15 NA 240 ND
 
4,4'-DDD 1/15 NA 38.0 ND
 
4,4' -DDE 2/15 10.3 88.0 ND
 
CHLORDANE ND 2/20 9.18 46.0
 
HpCDD 1/3 NA 1.17 ND
 
OCDD 1/3 NA 16.54 ND
 
OCDF 1/3 NA 6.70 ND
 

ND = Not Detected.
 

NA = Not applicable; mean not calculated with only one positive detect.
 

NR = Not reported. Compound was detected infrequently, and geometric mean
 
was calculated to be greater than the maximum detected value. Therefore,
 
mean was not used.
 



TABLE 4-1 (continued)
 

COMPOUNDS DETECTED IN SOIL AT OLYMPIA PROPERTY OF WELLS G & H SITE
 

COMPOUND SURFACE SOIL SUBSURFACE SOIL
 

FREQ. OF GEOMETRIC FREQ. OF GEOMETRIC
 
DETECTION MEAN MAXIMUM DETECTION MEAN MAXIMUM
 

INORGANICS <mg/kg)
 

ALUMINUM 15/15 7550 15300 20/20 5640 27900
 
ARSENIC 15/15 9.80 139 19/20 6.02 24.0
 
BARIUM 15/15 42.7 2000 18/20 15.3 109
 
BERYLLIUM 5/15 0.55 1.10 8/20 0.14 0.25
 
CADMIUM 1/15 NA 3.20 6/20 0.39 2.20
 
CALCIUM 15/15 1180 30000 19/20 793 4430
 
CHROMIUM 14/15 20.3 924 20/20 12.7 383
 
COBALT 3/15 4.63 5.5 10/20 3.31 19.0
 
COPPER 14/15 12.4 68.0 18/20 10.2 143
 
IRON 15/15 9180 36400 20/20 6560 37400
 
LEAD 15/15 23.8 424 19/20 8.63 122
 
MAGNESIUM 15/15 1950 5780 20/20 1470 12000
 
MANGANESE 15/15 113 285 20/20 69.9 524
 
MERCURY 8/15 0.07 0.80 7/20 0.03 4.20
 
NICKEL 10/15 6.32 27.0 13/20 4.98 37.0
 
POTASSIUM 15/15 639 2210 20/20 469 3530
 
SELENIUM ND 1/20 NA 1.20
 
SILVER 1/15 NA 5.20 1/20 NA 2.40
 
SOD I UM 15/15 98.2 271 11/20 141 301
 
VANADIUM 15/15 14.0 39.0 19/20 8.65 69.0
 
ZINC 14/15 33.4 486 20/20 19.2 83.0
 

NA = Not applicable; mean not calculated with only one positive detect.
 

ND = Not Detected.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE QA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE A GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN THE
 
DENOMINATOR OF THE FREQUENCY OF DETECTION.
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Three soil samples utre collected and analyzed for the polychlorinated
 

dibenzo-p-dioxins (PCDDs), as seen on Figure 4-1. In sampling location, D8,
 

heptachlorodibenzo-p-dioxin (HpCDD) and o<tachlorodibenzo-p-dioxin (OCDD) wt-re
 

detected di. concentrations oi 1 2 ng/g and 16. b ng/g, respectively. These tro
 

compounds are members of the PCDD family of compounds, the most biologically
 

active of which is 2,3,7,8-tetrachlorordibenzo-p-dioxin (2,3,7,8-TCDD) which
 

was not detected here. For regulatory purposes, the relative potencies of the
 

other PCDDs are often based on a comparison with 2,3,7,8-TCDD. Based on the
 

equivalency method for evaluating PCDDs (discussed in Appendix A), the total
 

2,3,7,8-TCDD equivalent concentration is 0.0012 ng/g which is well below the 1
 

ng/g typical soil action levels for this class of compounds (Kimbrough 1984,
 

EPA 1988d). Thus, these two compounds were not selected as chemicals of
 

potential concern.
 

Most of the inorganic constituents detected in the soil were found at levels
 

within background ranges as seen in Table A-l of Appendix A. Arsenic, barium,
 

chromium, lead, and zinc were found at levels exceeding background. Arsenic
 

and barium were not selected as chemicals of potential concern because their
 

geometric mean concentrations fell within the Massachusetts (Shacklette and
 

Boerngen 1984) and regional (Connor and Shacklette 1975) background ranges and
 

the maximum fell within the range of twice the maximum background
 

concentrations. Zinc was not selected as a chemical of concern because it is
 

an essential nutrient and the concentration fell within the criteria used to
 

screen out these chemicals. Chromium and lead were selected as chemicals of
 

concern for soils at the Olympia Nominee Trust property.
 

4 1.2 GROUNDWATER
 

The groundwater sampling performed at the Olvmpia Nominee Trust Co. property
 

during both RIs was used to evaluate tin nature diid extent of grounduatt-r
 

contamination As seen in Table 4-2, relatively low levels of contamination
 

are found in the groundwater for most of the chemicals detected.
 

Trichloroethylene was detected the most frequently and in the highest
 

concentrations of the volatile organic compounds and is selected as a chemical
 

of potential concern. Other volatile organic compounds detected more than
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TABLE 4-2
 

COMPOUNDS DETECTED IN GROUNDUATER AT THE OLYMPIA
 
NOMINEE TRUST COMPANY PROPERTY OF THE WELLS G & H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

ORGAN1CS (ug/liter)
 

ACENAPHTHENE 1/9 NA 13.0
 
ACENAPTHYLENE 1/9 NA 7.00
 
BENZENE 2/15 2. .65 5.00
 
BISC2-ETHYLHEXYL) PHTHALATE 2/7 6. .20 14.0
 
2-BUTANONE 1/13 NA 35.0
 
CHLORDANE 1/9 NA 1.20
 
1,1-DICHLOROETHANE 4/14 2.61 6.00
 
TRANS-1.2-D1CHLOROETHENE 2/11 2.81 23.0
 
ETHYLBENZENE 1/16 NA 5.00
 
2-METHYLNAPHTHALENE 1/9 NA 5.00
 
NAPHTHALENE 2/9 5.95 120
 
PHENANTHRENE 1/9 NA 6.00
 
1,1,2,2-TETRACHLOROETHANE 1/16 NA 10.0
 
TETRACHLOROETHENE 5/10 6.10 45.0
 
TOLUENE 1/10 NA 5.00
 
1,1,1-TRICHLOROETHANE 1/15 NA 2.50
 
TRICHLOROETHENE 10/13 20.9 3400
 
TOTAL XYLENES 3/16 4.88 170
 
NONCARCINOGENIC PAHs, TOTAL 3/9 7.60 151
 

INORGANICS (ug/liter)
 

ARSENIC 3/3 9.9 16.4
 
BARIUM 3/3 26.9 55.6
 
CALCIUM 3/3 30600 50900
 
IRON 3/3 1960 6040
 
MAGNESIUM 3/3 6510 12900
 
MANGANESE 3/3 1370 4170
 
POTASSIUM 3/3 3340 3690
 
SODIUM 3/3 45000 77900
 
ZINC 3/3 18.4 25.4
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE QA/OC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS
 
THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN THE
 
DENOMINATOR OF THE FREQUENCY OF DETECTION.
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once and selected as chemicals of potential concern were 1,1-dichloroethane.
 

trans-1,2-dichloroethene. and tetrachloroethene. Total xylenes were detected
 

in 3 of 16 samples and although the presence of these compounds is due to the
 

gasoline spill which is under the jurisdiction of the Commonwealth of
 

Massachusetts, xylene will be selected as a chemical of concern. Bis(2

ethylhexyl)phthalate was detected in 2 of 7 samples and will be selected as a
 

chemical of potential concern. Several PAHs were detected in the groundwater
 

but all are considered to be noncarcinogens. Due to the low levels detected
 

(i.e., near the detection limit), these chemicals will not be considered to be
 

chemicals of potential concern.
 

The inorganic constituents detected in the groundwater. with the exception of
 

arsenic and manganese, were present below background levels. These two
 

inorganic compounds will be selected as chemicals of potential concern for the
 

Olympia property. It should be noted, however, that the geometric mean and
 

maximum concentrations of sodium exceeded the Massachusetts advisory level of
 

20.000 ug/liter for persons on salt restricted diets.
 

4.1.3 SUMMARY
 

The chemicals of potential concern for the soil at the Olympia Nominee Trust
 

Company property are the carcinogenic PAHs and the noncarcinogenic PAHs,
 

chromium, 4,4'-DDT and its degradation products, and lead. The groundwater
 

chemicals of potential concern are arsenic, bis(2-ethylhexyl)phthalate, 1,1

dichloroethane , trans-1.2-dichloroethene, manganese, tetrachloroethene,
 

trichloroethene, and total xylenes. Table 4-3 summarizes this information.
 

4.2 EXPOSURE ASSESSMENT
 

4.2.1 PROPERTY UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, exposure related to contamination originating in
 

the soil will be considered. The contaminated soil at this property can act
 

as a source of contaminants to the air via volatilization of organic compounds
 

or through fugitive dust generation. Conditions at the Olympia Nominee Trust
 



TABLE 4-3
 

CHEMICALS OF POTENTIAL CONCERN FOR THE OLYMPIA NOMINEE TRUST PROPERTY
 

SOIL GROUNDWATER
 

Chromium Arsenic
 

4,4'-DDTa Bis(2 -ethylhexyl)phthaiate
 

Lead 1,1-Dichloroethane
 

carcinogenic PAHs" trans -1,2-Dichloroethene
 

noncarcinogenic PAHsc Manganese
 

Tetrachloroethene
 

Trichloroethene
 

Total Xylenes
 

a 4,4'-DDT and its degradation products, 4,4'-ODD and 4,4'-DDE.
 

The carcinogenic PAHs included here, are: be nzo(a)anthracene,
 
benzo(b)fluoranthene, benzo(k)fluoranthenc- , benzo(a)pyrene, chrysene, and
 
indeno(l,2,3-c,d)perylene.
 

c The noncarcinogenic PAHs included here are: acenaphthylene. anthracene,
 
benzo(g,h,i)perylene, dibenzo(a,h)anthracene, fluoranthene, fluorene,
 
naphthalene, phenanthrene, and pyrene.
 



property do not lavor the release of volatile contaminants because this area
 

is well vegetated, with the exception of the unpaved trail which is used for
 

dirt bike riding In addition, the soil organic chemicals of potential
 

concern have a t eiidenc\ to remain sorbed onto soil particles rather than to
 

volatilize into the air. The release of fugitive dust is, however, considered
 

to be a potential exposure pathway since young adults have been observed
 

riding dirt bikes over the unvegetated portions of the site.
 

Industrial and maintenance workers are currently employed and present at the
 

few companies located within the trucking terminal on the east side of the
 

river. The worker population at this business is likely to remain indoors
 

most of the dav. The area adjacent to the building is paved. The area on the
 

west side of the river is unpaved, vegetated, and where the contamination is
 

found. It is possible that workers could go across the bridge over the
 

Aberjona River and have lunch in this area for one hour each day. Thus, these
 

individuals could be exposed to contaminated soils via dermal absorption from
 

or incidental ingestion of contaminated soils It is assumed that for the
 

average case scenario, an individual will be outdoors three days a week for
 

four months or 48 days per year for 10 years. For the plausible maximum
 

exposure scenario, an individual would be outdoors for five days each week for
 

five months or 100 days per year for 20 years of employment. The soil
 

concentrations an individual could be exposed to are summarized in Table 4-4.
 

Young adults are known to use a portion of the Olympia Nominee Trust property
 

to ride dirt bikes. Exposure to these individuals will be evaluated in this
 

endangerment assessment. The pathways considered here will be inhalation of
 

contaminated dust particles generated while riding dirt bikes and direct
 

contact with soil. The latter pathway will include both incidental ingestion
 

of soil as well as dermal absorption of contaminants through the skin The
 

methodology used to evaluate exposure is presented in Appendix C, Section C.3.
 

Under average exposure conditions, it is assumed that an individual will be at
 

this property five days per week for four months or 100 days per year for six
 

years. Under plausible maximum conditions, an individual is assumed to
 

frequent the site seven days per week for six months or 168 days per year.
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TABLE
 

SOIL AND DUST CONCENTRATIONS OF THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE OLYMPIA NOMINEI .:,ns; PROPERTY
 

Surface Soil Concentration Dust Concentration 
(mg/kg)a (mg/m3)a 

Geometric Geometric 
Compound Mean Maximum Mean Maximum 

Chromium 20 . 3 924 5.72xlCT7 2.60xl(T5 

4 , 4 ' - D D T a 2 .93x lO" 2 0 .37 S.SlxlO'1 0 l . O S x l O ' 8 

Lead 23.8 424 6 .70xlO- 7 1.19xlO'5 

cPAHsb 3. 13x10'2 3.41 8.82X10'10 9.61xlCT8 

nPAHsc 1. 69x10'2 2 . 6 2 4.76xlO-1 0 7 .38xlO' 8 

a The reported concentration of 4,4'-DDT includes the concentrations of its
 
degradation products, 4,4'-ODD and 4,4'-DDE.
 

The carcinogenic PAHs included here are: anthracene, benzo(a)anthracene,
 
benzo(b)fluoranthene, benzo(k)fluoranthene. benzo(a)pvrene, chrysene,
 
dibenzo(a,h)anthracene and indeno(l,2,3-c,d)perylene.
 

c The noncarcinogenic PAHs included here are: acenaphthylene,
 
benzo(g,h,i)perylene, fluoranthene, fluorene, phenanthrene, and pyrene.
 

NOTE: Scientific notation (such as 2E-06^ is « shorthand wav of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e., 2.4E-03 = 0.0024).
 

4 - 1 1
 



also for six Years. The concentrations of the chemicals of potential concern
 

in the soil are presented in Table 4-4.
 

Dust can be g^iu-rated during dirt bike riding and inhaled by the bike rider or
 

by other individuals present ad]acent to the trail. For this exposure
 

scenario, it is assumed that four dirt hike riders use the propertv at the
 

same frequency as discussed above for the direct contact with soil scenario.
 

The methodology used to evaluate this scenario is summarized in Appendix C,
 

Section C.4, and is derived from that of Cowherd et al. (1984). Table 4-4
 

also presents the concentrations of the chemicals of potential concern found
 

in dust resulting from this scenario.
 

Groundwater is not currently used for drinking water purposes; thus, this
 

pathway is not complete under current conditions and will not be evaluated
 

here. As was stated above, exposure to surface water and sediments will be
 

evaluated in the nonsource area section of this endangermerit assessment.
 

PROPERTY UNDER FUTURE-USE CONDITION'S
 

In 'Jie absence of institutional controls " l i m i t i n g arcoss of future uses of the
 

Olympia Nominee Trust Co. property, there are additional exposure pathways
 

that must be evaluated. It is possible that in the future, the currently
 

unused land will be developed. Future lanel use involving excavations for
 

utilities or construction would create the potential for workers to be exposed
 

to contaminated soils through dermal contact and subsequent incidental
 

ingestion as well as through inhalation. This tvpe of exposure would be short
 

term compared with the exposure scenario developed for teenagers or young
 

adults under current-use conditions. Therefore, this scenario will not be
 

quant i f ied.
 

It is also possible that in the future, this property will be developed for
 

residential purposes. Should this occur, the potential exists for residents
 

living on the property to be exposed to contaminated soils during outdoor
 

activities. Exposure is assumed to occur via direct contact with contaminated
 

soils v. ith subsequent ingestion and dermal absorption of chemicals. Because
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tht.se exposures are assumed to occur over a lifetime, time-weighted averages
 

for the amount of soil ingested per exposure event, the dermal soil contact
 

rate, and an individual's bodv weight were calculated niid used to
 

quantitatively evaluate exposure of onsite residents over a lifetime Iru
 

soil concentrations summarized in Table 4-4 would also apply here These
 

concentrations will provide a somewhat conservative approach since the
 

concentrations of 4,4'-DDT and the carcinogenic PAHs may decrease with time
 

due to volatilization, migration into the groundwater, or biodegradation
 

processes.
 

A drinking well could be installed at the Olympia Nominee Trust property in
 

the future. Thus, oiother exposure scenario would involve the ingestion of
 

groundwater. Table 4-5 summarizes the groundwater concentrations used in this
 

analysis. The inorganic chemicals of potential concern at the Olympia Nominee
 

Trust Co. property do not volatilize from water and are not readily absorbed
 

through the skin. Since this water could be used in a residential setting,
 

exposures via inhalation and dermal contact from bathing or showering, washing
 

clothes, cooking, washing dishes, and anv other household activities which
 

involve the use of water, the level of exposure from these activities will be
 

evaluated orilv for the organic chemicals of concern. In this endangtrment
 

assessment, exposure to groundwater via ingestion will be quantified for both
 

the inorganic and organic chemicals of concern.
 

The groundwater concentrations of the chemicals of potential concern
 

summarized in Table 4-5 were sued to estimate the concentration that might be
 

expected to occur while showering. Using a theoretical exposure model,
 

outlined in Appendix C, Section C.2 (Foster and Chrostowski 1986, 1967;. the
 

transfer of volatile organic compounds from shower droplets into the air and
 

their subsequent inhalation were estimated. Based on this exposure model, the
 

potential inhalation exposures to the grouiKh.atfi contaminants which could
 

volatilize were quantified. The model estimates the intake level (in
 

mg/kg/day), rather than the ambient air concentrations that might be expected
 

while showering These values are presented in Table 4-6 for the geometric
 

mean and maximum concentrations of the contaminants in groundwater.
 



TABLE 4 -';•
 

GROUNDWATER CONCENTRATIONS OF THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE OLYMPIA KOMI NEE TRUST PROPERTY
 

CONCENTRATION (ug/liter)
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

Arsenic 9. .9 16. .4
 

Bis(2-ethylhexyl)
 
phthalate 6. 20 14 .0
 

1 , 1-Dichloroethane 2. .61 6. .00
 

trans- 1,2 -Dichloroethene 2. .81 23, .0
 

Manganese 1370 4170
 

Tetrachloroethene 6. .10 45 .0
 

Trichloroethene 20. .9 3400
 

Total Xvlenes SH 170
 
^
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TABLE 4-6
 

INTAKE OF THE CHEMICALS OF POTENTIAL CONCERN RELEASED TO THE AIR WHILE
 
SHOWERING WITH GROUNDWATER FROM THE OLYMPIA NOMINEE TRUST PROPERTY
 

INTAKE (mg/kg/d)
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

-7 -7
 
Bis(2-ethylhexyl)phthalate 2.08x10 4.69x10
 

-5 -4
 
1.1-Dichloroethane 7.22x10 1.66x10
 

-5 -4
 
trans -1,2-Dichloroethene 7.86x10 6.44x10
 

-4 -3
 
Tetrachloroethene 1.42x10 1.05x10
 

-4 -2
 
Trichloroethene 5.26x10 8.55x10
 

-4 -3
 
Total Xylenes 1.32x10 4.61x10
 

NOTE: Scientific notation (such as 2E-06) is a shorthand v/ay of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e.. 2.4E-03 = 0.0024).
 



4 .1 RISK ASSESSMENT
 

According to guidelines for preparing risk assessments as part of the RI/FS
 

process i EPA lL<86a). tlu- potential adverse effects on human health should
 

first be assessed where- possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environment. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will
 

present a comparison of exposure point concentrations to the applicable or
 

relevant and appropriate requirements (ARARs "i as well as a quantitative risk
 

assessment.
 

4.3.1	 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS AND
 
OTHER GUIDANCE LEVELS
 

In this .section, the concentrations of chenicdls of potential concern at the
 

Olympia Nominee Trust Co. property are compared to ARARs. ARARs are available
 

for groundwater but are not available for soil. Section 1.4.2 presents
 

background i iif ornvi t i on 01. ARAPvS .
 

Table 4-7 presents a comparison of the groundwater concentrations detected at
 

the Olympia Nominee Trust Co. property and Federal and Commonwealth of
 

Massachusetts drinking water standards or criteria. As can be seen from this
 

table, some of the ARARs are exceeded. The geometric mean and maximum
 

concentrations of Arsenic did not exct ed I t s MCL. The geometric me <»a ..nd
 

maximum concentrations of trichloroethene exceed its MCL. The maximum
 

concentration of 1.2 -dichloroethane exceeds its MCL. The geometric mean and
 

maximum concentrations of manganese exceeds its secondary MCL: it should he
 

noted that this standard is not federally enforceable as it is based on
 

aesthetic considerations rather than health concerns.
 

The geometric mean and maximum concentrations of tetrachloroethene exceed its
 

Massachusetts drinking water standard. The geometric mean and maximum
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TABLE 4-7
 

COMPARISON OF CHEMICALS OF POTENTIAL CONCERN IN THE GROUNDUATER
 
AT THE OLYMPIA NOMINEE TRUST PROPERTY WITH ARARS AND OTHER GUIDANCE LEVELS
 

(mg/liter)
 

Concentration 
ARAR 

Geometric Maximum 
Compound Mean MCL ' DnnKing Water Standard 

Arsenic 0.0099 0.0164 0.05 0.05
 

Bis(2-ethylhexyL)phthalate 0.0062 O.OU 21 (c)
 

1 ,2-Dichloroethane 0.00261 0.006 0.005 0.005
 

trans -1 ,2-Dichloroethene 0.00281 0.023 0.07 (a,c)
 

Manganese 1.37 4.17 0.05 (b) 0.05 (b)
 

Tctrachloroethene 0.0061 0.045 0.005
 

Tnchloroethene 0.0209 3.4 0.005 0.005
 

Xylene 0.00488 0.17 0.62
 

(a) Proposed.
 

(b) Based on organoleptic considerations.
 

(c) Shall not exceed health advisories which have been Adopted by the Massachusetts
 
Division of Uatcr Pollution Control and/or the EPA. For groundwater, this
 
would equate to the Clean Water Act criteria for human health (drinking water
 
only) or the Safe Drinking Water Act Maximum Concentration Limit Goals, whichever
 
is more stringent.
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concentrations of bis (2-ethylhexyl)phthal t-.t e , trans -1 . 2 - dichloroethene . «ncl
 

xylene are below their Massachusetts drinking water standards.
 

4.3.2 QUANTITATIVE RISK CHARACTERIZATION
 

To quantitatively assess the risks to human health associated with the future-


use exposure scenarios considered in this <.issessm<.-r.t , the- concentrations of
 

chemicals in relevant environmental media (exposure point concentrations)
 

presented in Section 4.2 are converted to chronic daily intakes (GDIs). GDIs
 

are the amount of a substance taken into the body per unit body weight per
 

unit time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime
 

for cnro inoe,t-nc> < EPA 1986b) and over the exposure period for noncarcirogens
 

(EPA 1986c). Section 1.4.3 summarized the methodology that will be used in
 

this section.
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
 

exposed populations, and exposure conditions, such as frequency and duration
 

of exposure Tor tach exposure scenario evaluated, two exposure cases--an
 

average case and a plausible maximum case--are considered. For the average
 

exposure case, geometric mean concentrations are used together with what are
 

considered to be the most likely (although conservative) exposure conditions.
 

For the plausible maximum case, the highest measured concentrations are used
 

together with high estimates of the range of potential exposure parameters
 

relating to the frequency/duration of exposure and quantity of contaminated
 

media contacted. It should be noted that the exposure scenarios assumed for
 

the plausible maximum case, while considered possible, are likely to apply, if
 

at all. to only a very small segment of thf potentially exposed populations.
 

Chronic daily intakes, excess lifetime cancer risks, and CDI:RfD ratios for
 

the site-related chemicals considered in this assessment, as well as the
 

assumptions and procedures used to calculate these values, are shown below for
 

each scenario evaluated.
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4.3.2.1 Property Under Current-Use Conditions
 

In this section, exposure point concentrations are used to estimate the extent
 

of human exposure to the chemicals of potential concern under the current use
 

conditions at the Olympia Nominee Trust Co. property. As has been discussed
 

in Section 4.2, direct contact with contaminated soils by workers, direct
 

contact with contaminated soil and inhalation of dust generated by young
 

adults riding dirt bikes are the exposure pathways that may have a potential
 

impact on human health under current use conditions.
 

Direct Contact With Contaminated Soil. Under current-use conditions, workers
 

from across the Aberjona River or young adults trespassing on the Olvmpia
 

Nominee Trust Co. property could be exposed to contaminated soils. Direct
 

contact with the contaminated soil could lead to dermal contact and absorption
 

of contaminants through the skin, as well as inadvertent ingestion of the
 

compounds.
 

Table 4-8 presents the assumptions used in assessing exposure via these
 

pathways. These assumptions were based on the exposure pathway analysis
 

presented in Section 4.2 and the best currently available information. F.PA
 

standard assumptions for average lifetime (70 years), adult body weight (70
 

kg), and young adult body weight (45 kg) were used (EPA 1985c).
 

Average and plausible maximum incidental ingestion rates for the young adults
 

are 50 and 100 mg/day. The derivation of these rates is discussed in Appendix
 

C, and was based primarily on the work of Lagov H987).
 

Values of 400 mg/day and 990 mg/day are used as the average and plausible
 

maximum estimates of soil contact rates for dermal exposure. These -.'allies are
 

contact rates for each exposure event and are based on a consideration of
 
9 9
contact rates in mg soil/cmz skin (0.5-1.5 mg/cmz) from Schaum (1984). surface
 

area of parts of the body that are likely to be in contact with soil (e.g..
 
9 7
approximately 84 cm for the palms of the hands and 1,140 cm for the
 

forearms) from Anderson et al. (1985), and of certain subjective factors.
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TABLE 4-8
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT BY YOUNG ADULTS
 
WITH SOIL AT THE OLYMPIA NOMINEE TRUST COMPANY PROPERTY
 

Paidmeters
 

General
 

Frequency of Exposure
 

Average Lifetime
 

Incidental Ingest ion Rate
 

Percent PAHs, Pesticides Absorbed
 
from Ingested Soils
 

Percent Inorganics Absorbed
 
from Ingested Soils
 

Soil Contact Rate
 

Percent PAHs, Pesticides Absorbed
 
Dermally from Skin
 

Percent Inorganics Absorbed
 
Dermally from Skin
 

Adults
 

Duration of Exposure
 

Ave i a ge Bodv Weight
 

Young Adult
 

Duration of Exposure
 

Average Body Weight
 

Average Exposure
 

100 d/yr
 

70 yr
 

50 mg/d
 

15%
 

100%
 

400 ii'g/day
 

0.3%
 

Negligible
 

10 yr
 

70 kg
 

6 vr
 

45 kg
 

Plausible
 
Maximum Exposme
 

168 d/yr
 

70 yr
 

100 mg/d
 

45%
 

100%
 

990 mg/day
 

3%
 

Negligible
 

20 yr
 

70
 ':&
 

6 v r
 

45 kg
 



These are reasonable values, but they are a source, of uncertainty in the risk
 

calculation.
 

The derivation of the absorption factors are sunnrariz^cl in Appendix C, Section
 

C.3. These factors are based upon the likelihood that the cheiricals will be
 

adsorbed onto the soil (e.g.. pesticides and PAHs) and hence, be less
 

bioavailable than these same chemicals in drinking water, for example.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

soil ingestion and dermal absorption of chemical contaminants can be
 

calculated. The formulae used are presented in Appendix C, Section C.3 of
 

this endangerment assessment. The total GDI associated with direct contact
 

with soils is the sum of the GDIs from incidental ingestion and dermal
 

absorption. Table 4-9 presents the average and plausible maximum GDIs, as
 

well as the potential carcinogenic and noncarcinogenic risks associated with
 

these exposures for worker exposure.
 

The upper bound lifetime excess cancer risks associated with chemicals
 

exhibiting potential carcinogenic effects are 5x10"^ (i.e., five in ten
 

billion) for the average exposure case and 3x10 (i.e.. three in one million)
 

for the plausible maximum exposure case. Exposure to chemicals which can
 

result in noncarcinogenic effects appears to present a low probability of
 

adverse health effects based on the conditions of both average and plausible
 

maximum exposure, as the hazard indices are less than one.
 

The GDIs associated with direct contact with soils by voung adults and the
 

corresponding risks are presented in Table 4-10. The upper bound lifetime
 

excess cancer risks associated with chemicals exhibiting potential
 

carcinogenic effects are 2x10 (i.e., two in one billion)' for the average
 

exposure case and 3x10 (i.e., three in one million) for the plausible
 

maximum exposure case. Exposure to chemicals which can result in
 

noncarcinogenic effects appears to present a low probability of adverse health
 

effects based on the conditions of both average and plausible maximum
 

exposure, as the hazard indices are less than one.
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Inhalation of Contaminated Air. Young adults who use the Olympia Nominee
 

Trust Co. property for recreational uses can be exposed via inhalation to
 

contaminated air. Exposure to air contaminants may occur through inhalation
 

of chemicals volatilized from soil or through inhalation of vehicle-generated
 

dust. Onlv the latter pathway will be analyzed here due to the relatively low
 

volatility and limited areal extent of contamination of 4.4' -DDT and the
 

carcinogenic PAHs. The approaches used to derive the air concentrations are
 

summarized in Appendix C. The estimated air concentrations presented in Table
 

4-4 are used to derive exposure intake estimates and subsequently risk.
 

Table 4-11 presents the assumptions used in assessing inhalation exposure.
 

These exposures were based on EPA standard assumptions for body weight,
 

inhalation rates and average lifetime. In addition, the exposure assumptions
 

for frequency of occurrence derived for the direct contact with soil pathway
 

were used.
 

The chronic daily intakes (T.Dls) of inhaled airborne contaminants bv vour.g
 

adults were derived using the assumed frequencies and durations listed in
 
o
 

Table 4-11, a respiration rate of 2.8 m /hr (based on moderate activity rate
 

reported bv EPA (1987a)) and a body weight of A3 kg. In the absence of
 

definitive toxicokinetic data, 100% absorption ot inhaled contaminants was
 

conservatively assumed. For chemicals considered to be potentially
 

carcinogenic by inhalation, the total cumulative exposure of 6 years was
 

prorated over a 70 year lifetime to derive an average daily intake in
 

mg/kg/day. For chemicals which may cause noncarcinogenic effects by
 

inhalation, the average daily exposure over 6 vears was calculated.
 

Table 4-12 presents the average and plausible maximum GDIs for the young
 

adults exposed to contaminated air associated with the Olympia Nominee Trust
 

Co. property. The risks associated with these exposure levels are <ilso
 
Q
 

presented. The upper bound lifetime cancer risk under this scenario is 3x10"°
 

(i.e., three in one hundred million) for the average case and 5x10"" (i.e.,
 

five in one million) for the plausible maximum case. The hazard index is less
 

than one for both the average and the plausible maximum cases.
 



TABLE 4-11
 

ASSUMPTIONS FOR USE IN THE RISK ASSESSMENT FOR INHALATION OF
 
CONTAMINATED AIR AT THE OLYMPIA NOMINEE TRUST COMPANY PROPERTY
 

Plausible
 
Paramete r Average Exposure Maximum Exposure
 

Frequency of Exposure
 

Duration of Exposure
 

Inhalation Rate
 

Length of Exposure
 

Average Weight Over
 
Period of Exposure
 

Average Lifetime
 

100 days/year
 

6 years
 

2.8 m3/hr
 

1 hour
 

45 kg
 

70 years
 

168 days/year
 

6 years
 

2.8 m3/hr
 

2 hours
 

45 kg
 

70 years
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4 . 3 . 2. . .L Property Under Future-Use Conditions
 

In the absence of institutional controls limiting access of future uses of the
 

Olympia Nominee Trust Co. property, there are additional exposure pathways
 

that must he evaluated. It is possible that in the future, construction
 

activities or excavations for utilities would create the potential for workers
 

to be exposed to contaminated soils through dermal contact and subsequent
 

incidental ingestion as well as through inhalation. This type of exposure
 

would be short term compared with the scenario developed in Section 4.3.2.1
 

for young adults using the property for recreational purposes or the scenario
 

developed below for future residents, and thus this short term exposure
 

scenario wil] not be quantified.
 

Direct contact with contaminated soil - future residents. If the Olympia
 

Nominee Trust property were redeveloped for residential purposes, the
 

potential exists for residents living on the property to be exposed to
 

contaminated soils during outdoor activities. Table 4-13 summarizes the
 

average and plausible maximum exposure assumptions used in this evaluation.
 

These assumptions are derived from the same sources as mentioned above for the
 

current-use direct contact scenario, but differ in that they are average
 

lifetime exposures. Time-weighted averages for the amount of soil ingested
 

per exposure event, the dermal soil contact rate, and an individual's body
 

weight were calculated and used to quantitatively evaluate exposure of onsite
 

residents over a lifetime.
 

Using these assumptions, chronic daily intake (CDI) estimates for incidental
 

soil iiigfStiou and dermal absorption of clumicaj cont an.iiiants can be
 

calculated. The formulae used are presented in Appendix C of this
 

endangerment assessment. The total CDI associated with direct contact with
 

soils is the sum of the GDIs from incidental ingestion and dermal absorption.
 

Table 4-14 presents the average and plausible maximum GDIs, as well as the
 

potential carcinogenic and noncarcinogenic risks associated with these
 

exposures.
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TABLE <4 - ]L
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT BY FUTURE
 
RESIDENTS WITH SOIL AT THE OLYMPIA NOMINEE TRUST COMPANY' PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight3
 

Incidental Ingestion Rate3
 

Percent Phthalates , Pesticides
 
Absorbed from Ingested Soils


Percent Other Organic Compounds
 
Absorbed from Ingested Soils


Percent Inorganic Compounds
 
Absorbed from Ingested Soils


Soil Contact Ratea


Percent PAHs , Phthalates, Pesticides
 
Absorbed Dermally from Skin


Percent Other Organic Compounds
 
Absorbed Dermally from Skin


Percent Inorganic Compounds
 
Absorbed Dorniallv from Skin


Average Lifetime


'' Bas<. cl on 1 i fe-t ime averages . 

Average Exposure
 

100 d/yr
 

70 yr
 

70 kg
 

54 mg/d
 

 15%
 

 100

 100%
 

0 '<
 

 0.3%
 

 1%
 

 X t l
 

 70 vcars
 

Plausible
 
Maximum Exposure
 

168 d/yr
 

70 yr
 

70 kg
 

145 mg/d
 

45%
 

100%
 

100%
 

5 4 g/d
 

3%
 

10%
 

Negligible
 

70 years
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The upptji bound 11 let line excess cancer risks associated with chemicals
 
o
 

exhibiting potential carcinogenic effects are 2x10"° (i.e., two in one hundred
 

million) for the average exposure case and 6x10 (i.e. , six in one hundred
 

tho ;; dii'J for the p 1 di is Lh le maximum exposure case. Under the conditions of
 

both t_hi< average and plausible maximum casc'.c, , exposure to the chemicals of
 

potential concern exhibiting noncarcinogenic effects appear to present a low
 

prohabilitv since the hazard indices are less; than one.
 

Ingestion of Groundwater. Under this future-use scenario, it is assumed that
 

there are no future remedial actions and institutional actions limiting access
 

to the use of the groundwater. Hence, individuals could be exposed to
 

proundwater contaminants bv direct ingestion of tap water. The average
 

individual is assumed to weigh 70 kg and drink 2 liters of water each day for
 

70 years (an average lifetime). Based on these assumptions, and the existing
 

chemical concentrations in the groundwater, chronic daily intakes were derived
 

and are presented in Table 4-15. The risks associated with these intake
 

levels are also presented for chemicals exhibiting potentially carcinogenic
 

arid noncarcinogenic effects.
 

The upper bound lifetime excess cancer risks associated with ingestion of
 

groundwater are 4xlO~~* (i.e. . four in ten thousand; and 1x10"-' (i.e. , one in
 

one thousand) for the average and plausible maximum cases, respectively. The
 

hazard index for the average and plausible maximum exposure scenarios are less
 

than one. Thus, there appears to be a low probability of adverse health
 

effects.
 

Inhalation of cont ciininant s while shower inr. u Addition to ingestion of
 

groundwater, inhalation of volatilized contaminants can occur while using the
 

water for nonconsumptive uses. The inorganic chemicals of potential concern
 

for the groundvater ore not expected to volatilize. As a result, arst-nic ^nd
 

manganese were not evaluated for this exposure scenario.
 

Exposure to individuals while showering is quantified here. The shower model 

(Foster and Chrostowski 1987) discussed in Appendix C, Section C.2, was used 

to quantify exposure via this pathway. The potential health risks associated 
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TABLE 4-15
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF GROUNDUATER AT OLYMPIA NOMINEE TRUST PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE L I F E T I M E UPPER BOUND
 
CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)- 1 AVERAGE MAXIMUM 

Arsenic 9.9 16.4 2.83E-04 4.69E-04 1.50E+00 4.2E-04 7.0E-04 
Bis(2-ethylhexyl )ph thai ate 
1 , 1-Dichloroethane 

6.2 
2.6 6 

1.77E-04 
7.43E-05 

4.00E-04 
1.71E-04 

8.40E-03 
9.10E-02 

1.5E-06 
6.8E-06 

3.4E-06 
1.6E-05 

Tetrachloroethene 6.1 45 1.74E-04 1.29E-03 5.10E-02 8.9E-06 6.6E-05 
Trichloroethene 20.9 3400 5.97E-04 9.71E-02 4.60E-03 2.7E-06 4.5E-04 

TOTAL 4E-04 1E-03 

B. NONCARCINOGENIC EFFECTS (a) 

CHRONIC DAILY INTAKE 
CONCENTRATION (ug/L) (CDI) (mg/kg/d) RATIO OF CDI:RfD 

.COMPOUND 
GEOMETRIC 

MEAN 
MAXIMUM 

AVERAGE 
PLAUSIBLE 
MAXIMUM 

(RfD) 
(mg/kg/d) AVERAGE 

PLAUSIBLE 
MAXIMUM 

Sis(2-ethylexthyl )phthalate 
1 , 1-Dichloroethane 

6.2 
2.6 

14 
6 

1.77E-04 
7.43E-05 

4.00E-04 
1.71E-04 

2.00E-02 
1.20E-01 

8.9E-03 
6.2E-04 

2.0E-02 
1.4E-03 

trans -1 , 2-Dichloroethene 2.8 23 8.00E-05 6.57E-04 1.00E-02 8.0E-03 6.6E-02 
Manganese 
Tetrachloroethene 

1370 
6.1 

4170 
45 

3.91E-02 
1.74E-04 

1.19E-01 
1.29E-03 

2.20E-01 
2.00E-02 

1.8E-01 
8.7E-03 

5.4E-01 
6.4E-02 

Xylene (total) 4.9 170 1.40E-04 4.86E-03 2.00E+00 7.0E-05 2.4E-03 

HAZARD INDEX ~ * ~ ~ <1 (0.2) <1 (0.7) 

(.a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noicarci nogeni c risk.
 

dOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the number).
 
A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
 



with the estimated inhalation exposures while showering are presented in Table
 

4-16. It should be noted that while the chronic daily intake for exposure to
 

volatile organic contaminants in groundwater via ingestion and inhalation are
 

comparable, ..& expt-cted found in the literature (Foster and Chros,to\;ski 1987,
 

McKone 1987. EPA 19841), the risks from this exposure will varv due to
 

differences in the potencv factors.
 

The excess lifetime upper bound cancer risks associated with the average and
 

plausible maximum cases were 9x10"° (i.e., nine in one million) and 4x10
 

(i.e.. four in ten thousand), respectively. For chemicals exhibiting
 

noncarcinogenic effects, the individual CDI:RfD ratios were less than one
 

resulting in hazard indices less than one for both the average and plausible
 

maximum cases. Thus there appears to be a low probability of adverse health
 

effects for this pathway.
 

4.3.3 MULTIMEDIA EXPOSURES
 

Exposure via one of the pathways discussed above for either the current- or
 

future-use scenarios does not preclude exposures via other pathways. For
 

example, the young adults using the Olympia Nominee Trust Co. property are
 

probably exposed to both contaminated soil via direct contact and inhalation
 

of dust generated while riding dirt bikes. The inhalation exposure however,
 

results in a much smaller risk than the direct contact scenario. Hence, the
 

direct contact with soil scenario dominates the exposure and risk
 

calculations. By adding exposures from both routes would not result in any
 

change- in the overall risk calculated for the direct contact scenario alone.
 

Therefore, in this situation, the quantitative risk is determined bv only one
 

type of exposure. Similar results are found in comparing exposure to future
 

residents where the exposure and risk calculations are dominated bv the
 

ingest iori of groundwater scenario.
 

4.4 SUMMARY OF OLYMPIA NOMINEE TRUST COMPANY PROPERTY EVALUATION
 

This section of the Endangerment Assessment for the Olympia Nominee Trust
 

Companv property is a baseline assessment, which evaluates potential impacts
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TABLE 4-16
 

-XPOS^RES AND RISKS ASSOCIATED WITH !NHALATION OF VAPORS WHILE SHOWERIKC
 

W ITH GROUSDWATER AT OLYMPIA NOMINEE TRUST PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) -1 AVERAGE MAXIMUM
 

Bis(2-ethylhexy)phthalate 2.08E-07 4.69E-07 8.40E-03 1.7E-09 3.9E-09
 

1 , 1-Dichloroethane 7.19E-05 1.66E-04 9.10E-02 6.5E-06 1.5E-05
 

Tet rach I oroethene 1.42E-04 1.05E-03 3.30E-03 4.7E-07 3.5E-06
 

Tnchloroethene 5.25E-04 8.55E-02 4.60E-03 2.4E-06 3.9E-04
 

TOTAL -- . -- 9E-06 4E-04
 

B. NONCARCINOGENIC EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

(CDI) (mg/kg/d) RATIO OF CDI:RfD
 

PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexy)phthalate 2.08E-07 4.69E-07 2.00E-02 1.0E-05 2.3E-05
 

1 , 1-Dichloroethane 7.19E-05 1.66E-04 1.20E-01 6.0E-04 1.4E-03
 

trans-1 , 2-Di ch I oroethene 7.83E-05 6.44E-04 1.00E-02 7.8E-03 6.4E-02
 

Tet rach I oroethene 1.42E-04 1.05E-03 2.00E-02 7.1E-03 5.2E-02
 

Xyleneb (total) 1.33E-04 4.61E-03 l.OOE-02 1.3E 02 4.6E-01
 

HAZARD INDEX -- <1 (0.02) <1 (0.06)
 

(a) Noncarcinogenb and potential carcinogens with RfDs were evaluated for noncarcinogcnic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should be moved
 

the specified number of places to the left (i.e., 2.4E-03 = 0.0024).
 



to human health in the absence of further remedial actions under both current 

and future-use scenarios. Chemicals of potential concern were selected based
 

on the analytical sampling data of the environmental media and consideration
 

oi toxicitv. The soil cheir.icals of p o t e n t i a l coiict-r:i were- chromium. 4. i'-DL>T.
 

lead, and the carcinogenic and noncarcinogenic PAHs. The ground\:ater
 

chemicals of potential concern were arsenic, bis(2-ethylhexyl) phthalate. 1,1

dichloroethane, trans-1.2-dichloroethene. manganese, tetrachloroethene,
 

trichloroethene, and total xylenes.
 

Under current land-use conditions at the Olympia Nominee Trust Company
 

property, the principal exposure pathways by which human receptors could
 

potentially be exposed to site contaminants originated with the contaminated
 

soils. Young adults were assumed to use the property for recreational
 

purposes. Exposure scenarios were developed for direct contact with soil
 

which included dermal contact with and incidental absorption of soil and for
 

the inhalation of dust generated while riding dirt bikes. Average and
 

plausible maximum exposure scenarios were developed for this pathway. The
 

exposure point concentrations of the chemicals of potential concern were
 

estimated for the potentially exposed population. Human health risks were
 

assessed based on these estimates of exposure and a quantitative description
 

of each compound's toxicity. The major conclusions can be summarized as
 

follows:
 

Exposure of workers to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 5x10 for the average exposure case and
 
3x10 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

Exposure of young adults to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 2x10"" for the average exposure case and
 
3x10 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are less
 
than one and equal to one, respectively.
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Exposure of young adults through the inhalation of dust generated
 
while riding dirt bikes could result in potential excess upper bound
 
lifetime cancer risks of 3x10"° and 5x10 for the average and
 
plausible iraxir..um exposure cases, respective 1 v. Tin. re upp^(lrs to be d
 
low probability of adverse health effects resulting; from
 
noncarcinogenic exposure since the hazard indices are less than one
 
and equal to one for the average and plausible maximum exposure cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to ingestion of the groundwater were considered. Average
 

and plausible maximum exposure scenarios were developed. The conclusions are
 

a?, foil o'.v.s :
 

Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 2x10"° for the average exposure case
 
and 6x10 for the plausible maximum exposure case. Under the
 
conditions of both the average and plausible maximum cases, there
 
appears to be a low probability of adverse health effects as the
 
hazard indices c.re below one.
 

Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 4x]0 and 1x10 for the average and
 
plausible' irayi n.'iir cases, re-spec t i vi Iv . The hazard irdcx i =• belo" . ''C
 
for both the average case and the plausible maximum case. Thus, there
 
appears to be a low probability of adverse health effects.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 9x10 and 4x10 potential upper bound excess
 
lifetime cancer risks for average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for both the average
 
and plausible maximum cases.
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5.0 UNIFIRST CORPORATION
 

The Unifirst Corporation is a uniform cleaning service company that used
 

tetrachloroethylene (PCE) in its dry cleaning operations. During the period
 

of 1966 to 1968, the company used five to six 55-gallon drums of PCE per year
 

in their operations. From 1977 to 1982, PCE was stored above ground in a
 

5.000 gallon tank for transfer to tank trucks and distribution to other
 

facilities.
 

5.1 CHEMICALS OF POTENTIAL CONCERN
 

The basis for the selection of the chemicals of potential concern is outlined
 

in Appendix A of this document and is based upon the methodology presented in
 

the Superfund Public Health Evaluation Manual (EPA 1986a). The data used in
 

this evaluation resulted from site investigations conducted by NUS for U.S.
 

EPA (NUS 1986, Alliance 1986), the supplemental RI conducted by Ebasco for
 

USEPA (Ebasco 1988a), by ERT for Unifirst Corporation, and by EPA. In cases
 

where duplicate analyses were performed, the validated U.S. EPA data were
 

used.
 

5.1.1 SOIL
 

The Unifirst Corporation property has been paved with asphalt. The available
 

soil data, summarized in Table 5-1, were collected during well installation.
 

Only data on volatile organic compounds are available. It is likely that the
 

presence of these compounds in the soil samples is due to their presence in
 

the groundwater. Acetone and methylene chloride are not selected as chemicals
 

of potential concern due to their presence in blanks associated with these
 

samples. Tetrachloroethene (PCE) is the primary chemical associated with this
 

site and is selected as a chemical of concern. 1,1,1-Trichloroethane. the
 

other chlorinated solvent, was not selected as a chemical of potential concern
 

due to the low concentration detected at the site. There is insufficient
 

toxicity information on ethyl ether (1,1-oxybisethane) and hexane and as a
 

result, these chemicals were not selected as chemicals of potential concern.
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Toluene and 1,1,2 -trichloro-1,2,2-trifluoroethane were not selected as
 

chemicals of concern since they were detected at low concentrations.
 

1 . 1 . . c ROI;:;DV;ATEI:
 

The volatile organic compounds detected in the groundwater at the Unifirst
 

Corporation property are presented in Table 5-2. The most frequently detected
 

compounds were trans-1.2-dichloroethene. tetrachloroethene, toluene, 1,1,1

trichloroethane, and trichloroethene. These are, therefore, selected as
 

chemicals of potential concern. The very high concentrations of
 

tetrachloroethene are most likely due to a tetrachloroethene spill which
 

produced a layer of pure chemical in the bedrock. Other chlorinated organics
 

detected include carbon tetrachloride, 1,1-dichloroethane, and 1,1

dichloroethene. Of these, carbon tetrachloride will not be selected as a
 

chemical of potential concern since it was detected in approximately 5% of the
 

samples. Acetone was detected in 4 of 60 samples but is not selected as a
 

chemical of potential concern because it was detected sporadically only in one
 

well. That is, acetone was detected in one well on one week and not the next,
 

as seen in Appendix E. Benzene, bromoform, ethylbenzene, and total xylenes
 

were not selected as chemicals of potential concern since they were detected
 

in groundwater samples taken in April, 1985 but not in May or June, 1985
 

samples and have not been detected in other wells. Furthermore, they were
 

also not detected in the 1987 sampling. Chrysene and naphthalene were
 

detected at levels exceeding their solubilities. This effect may be due to a
 

co-solubilization effect since these compounds are more soluble in
 

tetrachloroethene than they are in water. Since the distribution of these
 

compounds in groundwater is unknown, that is, these compounds could be found
 

mixed in the tetrachloroethene layer rather than dissolved in the groundwater
 

itself and due to the limited toxicity information for chrysene, they were not
 

considered as chemicals of potential concern.
 

The inorganic constituents detected above background levels were aluminum,
 

barium, iron, and manganese, as seen by comparison with levels in Table A-2,
 

Appendix A. Very low levels (i.e., at or below background) of cadmium,
 

calcium, cobalt, copper, lead, magnesium, mercury, nickel, potassium, silver.
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TABLE 5-2
 

COMPOUNDS DETECTED IN GROUNDWATER AT THE UN1F1RST
 
CORPORATION PROPERTY OF THE UELLS G & H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

ORGANICS Cug/liter)
 

BENZENE 1/66 NA 1700
 
BROMOFORM 1/71 NA 3000
 
2-BUTANONE 2/48 15.2 110
 
CARBON TETRACHLORIDE 11/71 5.62 230
 
1,1-DICHLOROETHANE 16/71 17.2 810
 
1,1-DICHLOROETHENE 11/71 6.37 160
 
TRANS-1.2-DICHLOROETHENE 29/71 30.8 5000
 
ETHYLBENZENE 1/66 NA 7400
 
TETRACHLOROETHENE 63/70 640 22000
 
TOLUENE 22/64 14.9 380
 
1,1,1-TRlCHLOROETHANE 27/70 29.5 3200
 
TR1CHLOROETHENE 30/71 22.2 16000
 
TR1CHLOROFLUOROMETHANE 1/23 NA 2.00
 
TOTAL XYLENES 1/66 NA 2900
 

SEHIVOLATILES/BASE NEUTRALS
 

CHRYSENE 1/2 NA 3.30
 

INORGANICS (ug/liter)
 

ALUMINUM 2/2 4500 7230
 
BARIUM 2/2 133 223
 
CADMIUM 1/2 NA 5.40
 
CALCIUM 2/2 76300 78600
 
COBALT 1/2 NA 6.60
 
COPPER 1/1 NA 46.0
 
IRON 2/2 11600 18200
 
LEAD 1/2 NA 18.0
 
MAGNESIUM 2/2 9410 10800
 
MANGANESE 2/2 309 435
 
MERCURY 1/2 NA 0.35
 
NICKEL 1/1 NA 11.0
 
POTASSIUM 2/2 6290 8800
 
SILVER 1/2 NA 4.40
 
SODIUM 2/2 50900 52000
 
TIN 1/2 NA 40.0
 
VANADIUM 2/2 11.5 16.0
 
ZINC 1/1 NA 44.0
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE OA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE A GEOMETRIC MEAN WILL SOMETIMES BE LESS
 
THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN THE
 
DENOMINATOR OF THE FREQUENCY OF DETECTION.
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sodium, tin, vanadium and zinc were detected in the groundwater. Limited
 

toxicity information is available for aluminum so it was not selected as a
 

cherr: - < i l of potential concern. In addition, the levels of aluminum detected
 

in th- ;_;L oiricr. .1 ter Mutest that either alumirum was present in t ne particulate
 

phase 01 coinplcxed with naturally occurring organic acids which can act to
 

increase the solubility of aluminum in water (Hem 1985). Manganese is an
 

essential nutrient and since it was not detected at greatly elevated levels
 

(i.e., greater than 10 times background), it was not selected as a chemical of
 

potential concern. Barium and iron were detected at levels approximately
 

twice the background concentrations. Given the natural variation in samples,
 

these compounds were also not selected as chemicals of potential concern. It
 

should be noted that the geometric mean and maximum concentrations of sodium
 

exceeded the Massachusetts advisory level of 20,000 ug/liter for persons on a
 

salt restricted diet.
 

5.1.3 SUMMARY
 

The chemicals of potential concern for the Unifirst Corporation property are
 

summarized in Table 5-3. The soil chemical of potential concern is
 

tetrachloroethene. The groundwater chemicals of potential concern are 1 , 1 

dichloroethane, 1,1-dichloroethene, trans-1.2-dichloroethene,
 

tetrachloroethene, toluene, 1,1,1-trichloroethane, and trichloroethene.
 

5.2 EXPOSURE ASSESSMENT
 

5.2 1 PROPERTY UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, there are no exposure pathways that are
 

complete That is. while there is measurable contamination in soil and
 

groundvat-er ut the Unifirst Corporation property, there are curientlv 110
 

receptors. The Unifirst Corporation property is paved and therefore, exposure
 

to soil is nonexistent. There are no known users of the groundwater at the
 

Unifirst Corporation property and consequently, no exposure exists currently
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TABLE 5-3
 

CHEMICALS OF POTENTIAL CONCERN FOR THE UNI FIRST CORPORATION PROPERTY
 

SOIL GROUND'* ATER
 

Tetrachloroethene 1,1-Dichloroethane
 

1,1-Dichloroethene
 

trans-1,2-DIchloroethene
 

Tetrachloroethene
 

Toluene
 

1,1,1-Tri chloroethane
 

Trichloroethene
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5.2.2 PROPERTY UNDER FUTURE-USE CONDITIONS
 

In the absence of institutional controls limiting access of future uses of the
 

Uniiirst Corporation property, there are several exposure pathways which must
 

be considered. It is possible that in the future, the property will be
 

expanded. Future land use involving excavations for utilities or construction
 

would create the potential for workers to be exposed to contaminated soils
 

through dermal contact and subsequent incidental ingestion as well as through
 

inhalation. This type of exposure would be short term and will not be
 

quantified. In addition, it is likely the contamination seen is from
 

degassing of groundwater.
 

It is also possible that in the future, this property will be developed for
 

residential purposes. Should this occur, the potential exists for residents
 

living on the property to be exposed to contaminated soils during outdoor
 

activities. Exposure is assumed to occur via direct contact with contaminated
 

soils with subsequent ingestion and dermal absorption of chemicals. The
 

exposure point concentrations are summarized in Table 5-4. Because these
 

exposures are assumed to occur over a lifetime, time-weighted averages for the
 

amount of soil ingested per exposure event, the dermal soil contact rate, and
 

an individual's body weight were calculated and used to quantitatively
 

evaluate exposure of onsite residents over a lifetime. The assumptions are
 

summarized in Appendix C.
 

It is also possible that in the future, a well to be used for drinking water
 

purposes will be installed at the Unifirst Corporation property. Thus,
 

another exposure scenario would involve the ingestion of groundwater. Should
 

this water be used in a residential setting, exposures could occur via
 

inhalation and dermal contact from bathing or showering, washing clothes,
 

cooking, washing dishes, and any other household Activities which involve the
 

use of water. In this endangerment assessment, exposure via ingestion and
 

inhalation while showering will be quantified. The groundwater concentrations
 

an individual might be exposed to are summarized in Table 5-5. The
 

assumptions used in estimating exposures are summarized in Appendix C.
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TABLE 5-4
 

SOIL CONCENTRATIONS FOR THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE UNIFIRST CORPORATION PROPERTY
 

COMPOUND CONCENTRATION (ug/kg)
 

GEOMETRIC MEAN MAXIMUM
 

Tetrachloroethene 47.0 170
 

NA = Not applicable; mean not calculated with only one positive detection.
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TABLE 5-5
 

GROUNDWATER CONCENTRATIONS FOR THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE UNIFIRST CORPORATION PROPERTY
 

COMPOUND CONCENTRATION (ug/liter) 

GEOMETRIC MEAN MAXIMUM 

1,1-Dichloroethane 17.2 810 

1,1-Dichloroethene 6.4 160 

trans -1,2-Dichloroethene 30.8 5000 

Tetrachloroethene 640 22000 

Toluene 14.9 380 

1,1,1-Trichloroethane 29.5 3200 

Trichloroethene 22.2 16000 



The groundwater concentrations of the chemicals of potential concern
 

summarized in Table 5-5 were used to estimate the concentrations that might be
 

expected to occur while showering. Using a theoretical exposure model,
 

outlined in Appendix C, Section C.2, (Foster and Chrostowski 1986, 1987), the
 

transfer of volatile organic compounds from shower droplets into the air and
 

their subsequent inhalation were estimated. Based on this exposure model, the
 

potential inhalation exposures to the groundwater contaminants which could
 

volatilize were quantified. The model estimates the intake level (in
 

mg/kg/day), rather than the ambient air concentrations that might be expected
 

while showering. These values are presented in Table 5-6 for the geometric
 

mean and maximum concentrations of the contaminants in groundwater.
 

5.3 RISK ASSESSMENT
 

According to guidelines for preparing risk assessments as part of the RI/FS
 

process (EPA 1986a), the potential adverse effects on human health should
 

first be assessed where possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environment. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will
 

present a comparison of exposure point concentrations to the applicable or
 

relevant and appropriate requirements (ARARs) as well as a quantitative risk
 

assessment.
 

5.3.1	 COMPARISON TO APPLICABLE OR RELEVAN'I nND APPROPRIATE REQUIREMENTS OR
 
OTHER CRITERIA
 

In this section, the concentrations of chemicals of p o t e n t i a l concern in
 

groundwater at the Unifirst Corporation property are compared to ARARs and
 

other available criteria. Table 5-7 presents this comparison, and as can be
 

seen from the table, the geometric mean and maximum concentrations of
 

trichloroethene exceed its MCL. The maximum concentrations of 1,1

dichloroethene and 1,1,1 -trichloroethane exceed their respective MCL; however.
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TABLE 5-6
 

INTAKE OF CHEMICALS OF POTENTIAL CONCERN RELEASED TO THE AIR WHILE
 
SHOWERING WITH GROUNDWATER FROM THE UNIFIRST CORPORATION PROPERTY
 

INTAKE (mg/kR/dav)
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

-4 -2
 
1,1-Dichloroethane 4.76x10 2.24x10
 

-4 -3
 
1,1-Dichloroethene 1.84x10 4.60x10
 

-4 -1
 
trans-1,2-Dichloroethene 8.62x10 1 40x10
 

-2 -1
 
Tetrachloroethene 1.49x10 5.12x10
 

-4 -2
 
Toluene 4.25x10 1.08x10
 

-4 -2
 
1,1,1-Trichloroethane 7.48x10 8.11x10
 

-4 -1
 
Trichloroethene 5.58x10 4.02x10
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decirral places, (i e , the magnitude (if the nuirher1) A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e., 2.4E-03 = 0.0024).
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TABLE 5-7
 

COMPARISON OF CHEMICALS OF POTENTIAL CONCERN IN THE GRCUNDWATER AT THE UN 1 F I R S T CORPORATION
 
WITH ARARS AND OTHER GUIDANCC
 

(mg/liter)
 

Concentration
 

Geometric Massachusetts AWQC Adjusted for
 
Compound Mean MCL Drinking Water Standard Drinking Water Only
 

1,1-Dichloroethane 0.0172 0.810 -- (a)
 

1 , 1-Dichloroethene 0.0064 0.16 0.007 0.007 -

trans-1,2-Dichloroethene 0.0308 5.000 0.07 (b,c) --


Tetrachloroethene 0.64 22.000 0.005 -

Toluene O.OK9 0.038 2.0 (b,c) -

1,1,1 -Trichloroethane 0.0295 3.200 0.20 0.20 (c) --


Trichloroethene 0.0222 16.000 0.005 0.005 -

-- = Not available
 
(a) Insufficient data.
 
(b) Proposed.
 
(c) Shall not exceed health advisories which have been adopted by the Massachusetts Division of Water Pollution
 

Control and/or the EPA. For groundwater, this would equate to the Clean Water Act criteria for human health
 
(drinking water only) or the Safe Drinking Water Act Maximum Concentration L i m i t Goals, whichever is more
 
stringent.
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their gton<.tric nuaii concentrations are bc-lcn tin ir respective MCLS . 1 he-


maximum concentration of trans-1.2-dichloroethene exceeds its Massachusetts
 

drinkin'* wett r standard. The geometric mean «nd maximum concentrations of
 

tetrachloroethene exceed the Massachusetts drinking water standard. The
 

geometric mean and maximum concentrations of toluene are below the
 

Massachusetts drinking water standard. There are no ARARs or other guidance
 

levels for 1,]-dichloroethane. There are no ARARs for soil.
 

5.3.2 QUANTITATIVE RISK CHARACTERIZATION
 

To quantitatively assess the risks to human health associated with the future-


use exposure scenarios considered in this assessment, the concentrations of
 

chemicals in relevant environmental media (exposure point concentrations)
 

presented in Section 5.2 are converted to chronic daily intakes (GDIs). GDIs
 

are the amount of a substance taken into the body per unit body weight per
 

unit time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime
 

for carcinogens (EPA 1986b) and over the exposure period for noncarcinogens
 

(EPA 1986c). Section 1.4.4 summarized the meihodologv that will be used in
 

this section.
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
 

exposed populations, and exposure conditions such as frequency and duration of
 

exposure. For each exposure scenario evaluated, two exposure cases--an
 

average case and plausible maximum case--are considered. For the average
 

exposure cast. . gt-ometric mean concentrations t.rt used together with what are
 

considered to be the most likely (although conservative) exposure conditions.
 

For the plausible maximum case, the highest measured concentrations are used
 

together with high estimates of the range of poter.tial exposure parameters
 

relating to the frequency/duration of exposure and quantity of contaminated
 

media contacted. It should be noted that the exposure scenarios assumed for
 

the plausible maximum case, while considered possible, are likely to apply, if
 

at all, to only a very small segment of the potentially exposed populations.
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r ioi._ 1 t c ' a L l \ i n t akes, c :CLSS lifetime cancel i.sks. <,nd GDI UfD ratios foi
 

the site -related chemicals considered in this assessment, as well as the
 

assuii'j t ions and proctduics used to calculate those values, arc £ ho'.ai h<. low for
 

each scenario evaluated.
 

As was discussed in Section 5.2.1, there are no pathways that are currently
 

complete. In the absence of future remedial actions and institutional actions
 

limiting accf ss to the property for redevelopment, individuals could be
 

exposed to groundwater and soil contaminants. Exposure to groundwater could
 

involve ingestion or inhalation of volatilized contaminants while using the
 

water for nonconsuirptive uses.
 

5.J.2.1 Inr.estion of Groundwater - Future-Use Scenario
 

Individuals could be exposed to groundwater contaminants by direct ingestion
 

of tap water The average individual is assumed to weigh 70 kg and drink 2
 

liters of water each day for 70 years (an average lifetime). Based on these
 

assumptions, and the existing chemical concentrations in the groundwater,
 

chronic daily intakes were derived and are presented in Table 5-8.
 

The risks associated with these intake levels are also presented for chemicals
 

potentially exhibiting carcinogenic and noncarcinogenic effects.
 

The upper bound lifetime excess cancer risks associated with ingestion are
 
o r~\
 

1x10 (i.e. , one in one thousand) and 4x10 (i.e., four in one hundred) for
 

the average and plausible maximum cases, respectively. The potential upper
 

bound excess cancer risk under plausible maximum conditions may result in
 

significant disease. The evaluation of risks is based upon a low dose
 

exposure Evaluation of risks at extremely high doses is beyond the scope of
 

this project. The hazai'd index for the average exposure scenario i <- l e s s tiuii
 

one indicating a low probability of adverse health effects. Under the
 

plausible maximum exposure scenario, the hazard index exceeds one, suggesting
 

a potential threat to human health. The non-cancer risk associated with
 

ingestion results from exposure to trans -1.2- dichloroethene . 1,1,1

trichloroe thane , and tetrachl oroethene . The similarities in chemical
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TABLE 5 8
 

EXPOSURES AND RISKS ASSOCIATED WITH 1NGESTION OF GROUNDWATER AT UMFIRST CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

1 ,1-Dichloroethane 17.2 810 4.91E-04 2.31E-02 9.10E-02 4.5E-05 2.1E-03
 

1 , 1-Dichloroethene 6 4 160 1.83E-04 4.57E 03 6 OOE-01 1 1E-04 2.7E-03
 

Tetrachloroethene 640 22000 1.83E-02 6.29E-01 5.10E-02 9.3E-04 3.2E-02
 

Tnchloroethene 22.2 16000 6.34E-04 4.57E-01 1.10E-02 7.0E-06 5.0E-03
 

TOTAL -- -- -- -- 1E-03 4E-02
 

B. NONCARCINOGENIC EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

CONCENTRATION (ug/L) (CDI) (mg/kg/d) RATIO OF CDI :RfD
 

.GEOMETRIC MAXIMUM PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAX I MUM
 

1 , 1-Dichloroethane 17.2 810 4.91E-04 2.31E-02 1.20E-01 4.1E-03 1.9E-01
 

1 , 1 -Di chloroethene 6.4 160 1.83E-04 4.57E-03 9.00E-03 2.0E-02 5.1E-01
 

trans-1,2-Dichloroethene 30.8 5000 8.80E-04 1.43E-01 1.00E-02 8.8E-02 1.4E+01
 

Tetrachtoroethene 640 22000 1.83E-02 6.29E-01 2.00E-02 9.1E-01 3.1E+01
 

Toluene 14.9 380 4.26E-04 1 09E-02 3. OOE-01 1 4E 03 3.6E 02
 

1,1,1 -Tnchloroethane 29.5 3200 8.43E-04 9.14E 02 9.00E-02 9.4E 03 1 .OE+00
 

HAZARD INDEX -- -- -- 1 >1 (47)
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 

lumber.) A negative exponent indicates that the decimal should be moved the specified number of places to the left
 

'(i .e., 2.4E-03 = 0.0024).
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'.triut'.it. . t,.rs(.'t organc , ,ii.d toxicitv be I '..•<.<. r; t l u £ ^ chiii'!. i l s i : u l i i , • t •- :l '
 

thc-ir concentrations and CbI:RfD ratios should be considered additive '; o
 

dt-t <. rr. i IK- '..'In.-1 her or not there would he anv ach i i se health i t f i ^ t b t . oir snort 

term exposure to the three chemicals whose maximum concentrations exceeded
 

their RFDs, their maximum concentrations were compared to human health
 

criteria for short-term exposures. The maximum concentration of trans-1.2

dichloroethene exceeded the 10-day health advisory of 1.430 ug/Hter for
 

children and was less than the one-day health advisory of 20,000 ug/liter for
 

children (EPA 1987h). Both the one-day and 10-day health advisories for
 

tetrachloroethene are 2,000 ug/liter (EPA 19871). These concentrations were
 

exceeded bv the maximum groundwater concentration. The maximum GDI for 1,1,1

trichloroethane does not exceed its subchronic RfD of 0.9 mg/kg/d (EPA 1988e),
 

nor does the maximum groundwater concentration exceed either the one-day
 

(140,000 ug/liter) or the 10-day (35,000 ug/liter) health advisory for
 

children (EPA 1987j) .
 

5.3.2.2 Inhalation Of Contaminants Uhile Showering - Future-Use Scenario
 

In addition to ingestion of groundwater, inhalation of volatilized
 

contaminants can occur while using the water for nonconsumptive uses.
 

Exposure to individuals while showering is quantified here. The shower model
 

of Foster and Chrostowski (1987), discussed in Appendix C, Section C.2, was
 

used to quantify exposure via this pathway. The potential health risks
 

associated with the estimated inhalation exposures while showering are
 

presented in Table 5-9. It should be noted that while the chronic daily
 

intake for exposure to volatile organic contaminants in groundwater via
 

ingestion and inhalation are comparable, as expected from the literature
 

(Foster and Chrostowski 1987, McKone 1987, EPA 19841), the risks from this
 

exposure will vary due to differences in the potency factors.
 

The excess lifetime upper bound cancer risks associated with the average and
 

plausible maximum cases were 3x10 (i.e., three in ten thousand) and 1x10
 

(i.e., one in one hundred), respectively. For chemicals exhibiting
 

noncarcinogenic effects, the individual CDI:RfD ratios for each compound under
 

average conditions were below one as was the hazard index. The CDI:RfD ratio
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TABLE
 

EXPOSURES AND RIE'.S ASSOCIATED WITH INHALATION OF VAPORS W H I L E SHOWERING
 

WITH GROUNDWATER AT UNI FIRST CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE 

COMPOUND AVERAGE MAXIMUM (mg/kg/d)- 1 AVERAGE MAXIMUM 

1 ,1 -Dichloroethane 4.76E-04 2.24E-02 9.10E-02 4.3E-05 2.0E-03 

1 , 1-Dichloroethene 1.84E-04 4.60E-03 1.20E+00 2.2E-04 5.5E-03 

Tetrachloroethene 1.49E-02 5.12E-01 3.30E-03 4.9E-05 1.7E-03 

Trichloroethene 5.58E-04 4.02E-01 4.60E-03 2.6E-06 1.8E-03 

TOTAL - - - 3E-04 1E-02 

B. NONCARCINOGENIC EFFECTS (a) 

CHRONIC DAILY INTAKE 

(CD I) (mg/kg/d) RATIO OF CD I :RfD 

PLAUSIBLE (RfD) PLAUSIBLE 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM 

1 , 1 -Dichloroethane 4.76E-04 2.24E-02 1.20E-01 4.0E-03 1.9E-01 

1 , 1-DichLoroethene 1.84E-04 4.60E-03 9.00E-03 2.0E-02 5.1E-01 

trans-1 ,2-Dichloroethene 8.62E-04 1.40E-01 1.00E-02 8.6E-02 1.4E+01 

Tetrachlorocthcno 1 .49E-02 5.12E-01 2.00E-02 7.4E-01 2.6E+01 

Toluene 4.25E-04 1.08E-02 1.50E+00 2.8E-04 7.2E-03 

1,1, 1-THchloroethane 7.48E-04 8.11E-02 3.00E-01 2.5E-03 2.7E-01 

HAZARD INDEX - - <1 (0.9) >1 (41) 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should be moved
 

the specified number of places to the left (i.e., 2.4E-03 = 0.0024).
 



L ::ct .. di c. i * t i. f o i exposure to tram -1 , 2 - t 1 c n l oroc : he :ic nid te t rachloroe the IK 

under p j > i i i s i b ] 0 maximum c o n d i t i o n s , and lu j nc t . the h s r a i d index exceeded one 

disci
 

5.3.2.3 Direct Contact With Contaminated Soil - Future-Use Scenario
 

If the Unifirst Corporation property were redeveloped for residential purposes
 

and the pavement was torn up. the potential exists for residents living on the
 

property to be exposed to contaminated soils during outdoor activities. Table
 

5-10 summarizes the average and plausible maximum exposure assumptions used in
 

this evaluation. These assumptions are average lifetime exposures. Time-


weighted averages for the amount of soil ingested per exposure event, the
 

dermal soil contact rate, and an individual's body weight were calculated and
 

used to quantitatively evaluate exposure of onsite residents over a lifetime.
 

Using these assumptions, chronic daily intake (GDI) estimates ror incidental
 

soil ingestion and dermal absorption of chemical contaminants can be
 

calculated. The formulae used are presented in Section C.3 of Appendix C of
 

this endangerment assessment. The total GDI associated with direct contact
 

with soils is the sum of the GDIs from incidental ingestion and dermal
 

absorption. Table 5-11 presents the average and plausible maximum GDIs, as
 

well as the potential carcinogenic and noncarcinogenic risks associated with
 

the.1 e exposures.
 

The upper bound lifetime excess cancer risks associated with
 

tetrachloroethene, the onlv soil chemical of potential concern exhibiting
 

potential carcinogenic effects, are 8x10'^ ( i t . , eight in ten billion) for
 
Q
 

the average exposure case and 4x10 (i.e. . four in one hundred million) for
 

the plausible maximum exposure case. Under the conditions of both the average
 

,-ii'd plausible maximum cases, exposure to the clu'iiiic^tls of potential concern
 

exhibiting noncarcinogenic effects appear to present a low probability since
 

the ratios of the CDI:RfD are below one.
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TABLE "O-l'
 

iSSl'MPTIONS FOR USE IN RISK ASSESSMEN" • "K DIRECT CONTACT BY F!
 
RESIDENTS WITH SOIL AT THE UNIi'L M ( nPPOKATION PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight
 

Incidental Ingestion Rate0
 

Percent Organic Compounds
 
Absorbed from Ingested Soils
 

Percent Inorganic Compounds
 
Absorbed from Ingested Soils
 

Soil Contact Rate3
 

Percent Organic Compounds
 
Absorbed Dermally from Skin
 

Percent Inorganic Compounds
 
Absorbed Dermally from Skin
 

Average Lifetime
 

Wised on lifetime averages.
 

Average Exposure
 

100 d/yr
 

70 yr
 

63 kg
 

54 mg/ci
 

100%
 

100%
 

0.79 ji/
 

Negl igible
 

70 years
 

Plausible
 
Maximum Exposure
 

168 d/yr
 

70 yr
 

63 kg
 

145 mg/d
 

100%
 

100%
 

5.4 g/d
 

10%
 

Negligible
 

70 years
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Exposure via one of the pathways discussed above for trie future-use. scenarios
 

does not preclude exposures via other pathways. For example, residents of the
 

area may be exposed to contaminated soil and contaminated tap water.
 

Exposure by one route generally dominates the exposure and risk calculations,
 

and by adding exposures from other routes is unlikely to have a substantial
 

effect on risks. For example, under the average future-use exposure scenario,
 

the upper bound excess lifetime cancer risk associated with direct contact
 

with soil is 8x10 . The upper bound lifetime cancer risk associated with
 

the inhalation of vapors released while showering is 3x10"14, and that
 

associated with the ingestion of groundwater is 1x10" -1. The sum of these
 

three values is approximately equal to the risk value associated with exposure
 

to contaminants in groundwater. Therefore, in this situation, the
 

quantitative risk is dominated by one exposure pathway.
 

3.4 SUMMARY OF UNIFIRST CORPORATION PROPERTY EVALUATION
 

This section of the Endangerment Assessment for the Unifirst Corporation
 

property is a baseline assessment, which evaluates potential impacts to human
 

health in the absence of further remedial actions under both current- and
 

future-use scenarios. Chemicals of potential concern were selected based on
 

the sampling data of the environmental media and consideration of toxicity.
 

The soil chemical of potential concern was tetrachloroethene. The groundwater
 

chemicals of potential concern were 1.1-dichloroethane. 1,1-dichloroethene,
 

'-dichloroethene , tetrachloroe t hen< , t o l IK-IK . 1 . 1 , i  - t r i rhl oroe thane ,
 

and trichloroethene.
 

L'ncK r current land-use conditions, there are no exposure pathways by which
 

human receptors could potentially be exposed to site contaminants. Under
 

future-use conditions, exposure pathways related to groundwater use and soil
 

exposure were considered. Average and plausible maximum exposure scenarios
 

were developed for ingestion of groundwater. inhalation of volatiles while
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Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of lxlO~-> and 4x10"^ for the average and
 
plausible maximum cases, respectively. The hazard index equaled 1 for
 
the average case but exceeded 1 for the plausible maximum case.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 3X10"4 and 1x10"^ potential upper bound excess
 
lifetime cancer risk for the average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for the average and
 
greater than one for the plausible maximum cases.
 

Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 8x10" -̂  for the average exposure case
 
and MM 10 for the plausible maximum exposure case. Under the-

conditions of both the average and plausible maximum cases, the hazard
 
indices, for exposure to chemicals exhibiting noncarcinogenic effects,
 
are below one.
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6.0 WILDWOOD CONSERVATION CORPORATION
 

The Wilch.ood Conservation Corporation is the current ownt-r of an undeveloped
 

15 acre parcel of land west of Wells G & H The land is bordered by the
 

Boston and Maine railroad to the west, the Aberjona River to the east, Olympia
 

Nominee Trust to the north, and Whitney Barrel Company, Aberjona Autoparts
 

Company, and Murphy Waste Oil Service Company to the south. The Wildwood site
 

was formerly owned by the John J. Riley Company and by Beatrice Foods, Inc.
 

6.1 CHEMICALS OF POTENTIAL CONCERN
 

The basis for the selection of chemicals of potential concern is outlined in
 

Appendix A of this endangerment assessment. Validated analytical sampling
 

data collected by NUS (NUS 1986, Alliance 1986) and Ebasco (1988a), which is
 

tabulated in Appendix E of this report, was used with the methodology
 

presented in the Superfund Public Health Evaluation Manual (EPA 1986a) to
 

select those chemicals which may pose a threat to human health and the
 

environment.
 

6.1.1 SOIL AND SLUDGES
 

The soils at the Wildwood Conservation Corporation property were characterized
 

with numerous sludge piles. These sludges ranged in consistency from a dry,
 

cake-like asphalt looking material to an oily, petroleum looking, moist
 

material. Some of the materials classified as sludges looked like spill
 

materials or raw products. In a few instances, the sludges could have been
 

discolored soils (Ebasco 1988b). Soil and sludge samples were taken from
 

various locations on the Wildwood property, as seen in Figure 6-1. For the
 

purposes of this evaluation, the soil samples were treated separately from the
 

sludges. Additionally, the sludges were divided into two groups. The
 

intention here was to determine the nature and extent of the contamination
 

and, in the event of variable contamination, to delineate "hot spots" or areas
 

of contamination which should be targeted for removal action.
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The surface soil d a t a , summarized in Table 6 - 1 . reveal v:idt spread
 

contamination by organic chemicals including pesticides and PCBs. The
 

subsurface soil data are summarized in Table 6-2 and are used to confirm the
 

presence of some of the more mobile organic compounds and will aid in the
 

selection of chemicals of potential concern.
 

The most frequently detected compounds in the soil are acetone, methylene
 

chloride, and trichloroethene. All were found in both surface and subsurface
 

soils at about the same concentrations and hence are selected as chemicals of
 

potential concern. Other volatile organic compounds detected more than once
 

are 2-butanone, trans-1.2-dichloroethene, ethylbenzene, tetrachloroethene,
 

toluene, 1,1,1 -trichloroethane, and xylene. 2-Butanone was detected with
 

about the same frequency in both surface and subsurface soils; it was not
 

selected as a chemical of potential concern because it belongs to the same
 

class of compounds as acetone and it was detected at concentrations much lower
 

than acetone. 1,1,1-Trichloroethane was also not selected as a chemical of
 

potential concern due to the relatively low concentrations detected and its
 

relatively low toxicity compared to the chlorinated solvents. Ethylbenzene,
 

toluene, and xylene were detected in both sets of soil samples. These three
 

compounds have similar health endpoints in humans; toluene was detected the
 

most frequently and in the greatest concentrations and hence was selected as a
 

chemical of potential concern representing this group of compounds.
 

Numerous polynuclear aromatic hydrocarbons (PAHs) were detected at the
 

Wildwood property. The potentially carcinogenic members of this class of
 

compounds, as determined by the International Agency for Research on Cancer
 

(IARC), detected at this property (benzo(a)anthracene, benzo(b)fluoranthene,
 

benzo(k)fluoranthene, benzo(a)pyrene, chrysene, and indeno(l,2,3-c,d)perylene)
 

will be treated together and evaluated as chemicals of potential concern. The
 

toxicity categorization of the PAHs has been established by IARC (1983).
 

There is relatively little data on PAHs which show non-carcinogenic effects.
 

For example, napthalene is the only non-carcinogenic PAH for which EPA has
 

derived an RfD. The noncarcinogenic PAHs will be treated as a group using the
 

IARC classification scheme and risk will be evaluated using the RfD for
 

naphthalene. The noncarcinogenic PAHs detected at the site are acenaphthene,
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TABLE 6-1
 

COMPOUNDS DETECTED IN' SURFACE SOILS AT THE WILDWOOD
 
CONSERVATION CORPORATION PROPERTY OF THE WELLS G i, H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

ORGANICS (ug/kg)
 

VOLATILES
 

ACETONE 8/8 81.4 1200
 
2-BUTANONE 2/16 6.49 67.1
 
CHLOROFORM 1/15 NR 2.00
 
TRANS-1,2-DICHLOROETHEME 5/16 4.07 89.0
 
ETHYLBENZENE 4/16 2.97 7.94
 
2-HEXANONE 1/16 NA 51.0
 
METHYLENE CHLORIDE 11/15 22.1 670
 
TETRACHLOROETHENE 5/16 7.44 2000
 
TOLUENE 7/14 6.21 49.6
 
1,1,1-TRICHLOROETHANE 4/16 2.54 4.00
 
TRICHLOROETHENE 14/16 81.8 12000
 
XYLENES, TOTAL 5/16 4.27 25.0
 

SEMI-VOLATILES
 

ACENAPHTHENE 1/16 NR 93.0
 
ACENAPHTHLYENE 1/16 NA 497
 
ANTHRACENE 5/16 116 514
 
BENZO(a)ANTHRACENE 5/16 189 1120
 
BENZO(a)PYRENE 5/16 192 1040
 
BENZO(b)FLUORANTHENE 4/16 233 2230
 
BENZO(g,h,i)PERYLENE 1/16 NA 812
 
BENZO(k)FLUORANTHENE 3/16 171 360
 
BIS(2-ETHYLHEXYL)PHTHALATE 10/14 407 9350
 
BUTYLBENZYL PHTHALATE 2/16 175 287
 
CHRYSENE 5/16 194 935
 
DI-N-BUTYLPHTHALATE 7/14 409 3000
 
FLUORANTHENE 6/15 215- 1260
 
INDENO(1,2,3-CD)PYRENE 5/16 176 862
 
2-METHYLNAPHTHALENE 2/16 163 240
 
NAPHTHALENE 3/16 164 237
 
N-NITROSOOIPHENYLAMINE 1/12 NR 120
 
CARCINOGENIC PAHS, TOTAL 6/16 1100 6090
 
NONCARCINOGENIC PAHS, TOTAL 8/16 713 3830
 
PHENANTHRENE 6/16 180 560
 
PHENOL 1/16 174 400
 
PYRENE 8/14 199 1100
 

PESTICIDES/PCBS/DIOXINS
 

4,4'-DDE 3/16 12.2 570
 
4,4'-DDD 2/16 10.9 240
 
4,4'-DDT 4/16 14.7 210
 
CHLORDANE 3/14 68.1 23000
 
GAMMA-BHC (LINDANE) 1/16 4.99 137
 
AROCLOR-1254 4/15 228 130000
 
AROCLOR-1260 1/16 89.6 490
 
HpCDD 1/6 NA 3.70
 
OCDD 1/6 NA 38.2
 

NA = Not applicable; mean not calculated with only one positive detection.
 

NR = Not reported; chemical was detected infrequently, and the use of one-half the detection
 
l i m i t in calculating a mean results in a mean concentration which exceeds the maximum
 
detected value. Therefore a mean is not used.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE QA/OC PROCESS THE NUMBER OF
 
SAMPLES USED TO CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL NUMBER
 
SAMPLES AS PRESENTED IN THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
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TABLE 6-1 (continued)
 

COMPOUNDS DETECTED IN SURFACE SOILS AT THE WILDWOOD
 
CONSERVATION CORPORATION PROPERTY OF THE WELLS G & H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

INORGANICS Cmg/kg)
 

ALUMINUM 16/16 5420 11200
 
ANTIMONY 2/16 3.77 29.4
 
ARSENIC 16/16 7.31 60.7
 
BARIUM 16/16 39.3 886
 
BERYLLIUM 3/16 0.28 0.52
 
CADMIUM 7/16 0.72 27.2
 
CALCIUM 16/16 847 3560
 
CHROMIUM 16/16 45.5 3060
 
COBALT 3/16 3.09 12.0
 
COPPER 15/16 17.2 181
 
IRON 16/16 5940 20500
 
LEAD 16/16 31.0 683
 
MAGNESIUM 16/16 792 5170
 
MANGANESE 16/16 55.3 262
 
MERCURY 5/16 0.04 5.50
 
NICKEL 7/16 4.41 23.0
 
POTASSIUM 14/16 329 1590
 
SODIUM 9/16 148 250
 
VANADIUM 15/16 11.7 36.7
 
ZINC 16/16 58.0 1240
 
CYANIDE 2/16 0.65 18.0
 

NA = Not applicable; mean not calculated with only one positive detection.
 

NR = Not reported; chemical was detected infrequently, and the use of one-half the detection
 
limit in calculating a mean results in a mean concentration which exceeds the maximum
 
detected value. Therefore a mean is not used.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE QA/QC PROCESS THE NUMBER OF
 
SAMPLES USED TO CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL NUMBER
 
SAMPLES AS PRESENTED IN THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
 

6-5
 

http:5/160.04
http:3/163.09
http:2/163.77


TABLE 6-2
 

COMPOUNDS DETECTED IN SUBSURFACE SOILS AT THE UILDWOOO
 
CONSERVATION CORPORATION PROPERTY OF THE WELLS G & H SITE
 

FREO. OF GEOMETRIC 
COMPOUND DETECTION MEAN MAXIMUM 

ORGAN ICS tug/kg) 

VOLATILES 

ACETONE 
2-BUTANONE 
TRANS-1.2-DICHLOROETHENE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
TETRACHLOROETHENE 
TOLUENE 
TRICHLOROETHENE 
XYLENES, TOTAL 

7/9
2/14
3/14 
3/14 
3/14 
5/14 
6/14 
10/14 
5/14 

45.7 
6.21 
6.18 
3.22 
4.52 
13.2 
3.52 
52.5 
4.34 

1000 
71.0 
1600 
13.0 
650 
6400 
34.0 
25000 
68.0 

SEMI-VOLATILES 

ANTHRACENE 
BENZO(a)PYRENE
BENZO(b)FLUORANTHENE 
BIS(2-ETHYLHEXYL)PHTHALATE
BUTYLBENZYL PHTHALATE 
CHRYSENE 
DI-N-BUTYLPHTHALATE 
FLUORANTHENE 
2-METHYLNAPHTHALENE 
NAPHTHALENE 
CARCINOGENIC PAHs, TOTAL 
NONCARCINOGENIC PAH'S, TOTAL 
PENTACHLOROPHENOL 

1/14
2/14 
1/1*
12/14
4/14
1/14
6/14
1/14 
1/14 
1/14 
2/14 
1/14 
1/14 

NA 
172 
NA 
331 
218 
NR 

311 
NA 
NA 
NA 

514 
NA 
NA 

520 
1400 
1600 
8900 
1100 
39.0 
1900 
790 
1300 
1700 
3520 
3790 
230 

PESTICIDES/PCB'S 

CHLORDANE 
AROCLOR-1254 

2/14 
6/14 

72.5 
149 

96000 
81000 

INORGANICS (mg/kg) 

ALUMINUM 14/14 3840 8450
 
ARSENIC 11/14 2.90 44.0
 
BARIUM 12/14 16.2 343
 
BERYLLIUM 2/14 0.27 0.48
 
CADMIUM 6/14 0.63 4.70
 
CALCIUM 14/14 438 1050
 
CHROMIUM 14/14 14.6 77.2
 
COPPER 8/14 3.91 16.3
 
IRON 14/14 3580 9260
 
LEAD 13/14 3.48 126
 
MAGNESIUM 14/14 703 1850
 
MANGANESE 14/14 32.8 108
 
MERCURY 2/14 0.02 2.60
 
NICKEL 3/14 2.88 18.4
 
POTASSIUM 13/14 248 656
 
SODIUM 6/14 160 250
 
VANADIUM 11/14 5.54 13.2
 
ZINC 13/14 20.6 290
 
CYANIDE 1/14 NA 1.10
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

NR = Not reported; chemical was detected infrequently,
 
and the use of one-half the detection limit in
 
calculating a mean results in a mean concentration
 
which exceeds the maximum detected value. Therefore
 
a mean is not used.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE
 
QA/QC PROCESS THE NUMBER OF SAMPLES USED TO CALCULATE THE
 
GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL
 
NUMBER OF SAMPLES AS PRESENTED IN THE DENOMINATOR OF THE
 
FREQUENCY OF DETECTION.
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n a p l i eh.-.] C - I K . p h c n a n c h r r n e , and pvrene 

The phthalate esters (bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, and
 

butyl benzyl phthalate) were detected in both surface and subsurface soils.
 

Bis(2-ethylhexvl)phthalate was detected in the highest concentrations and with
 

the greatest frequency. Hence, it will be selected as a chemical of potential
 

concern.
 

Several pesticides [chlordane, 4,4'-DDT and its degradation products, (4,4'DDD
 

and 4,4'-DDE), and gamma-hexachlorocyclohexane (Lindane)] and the
 

polychlorinated biphenyls (PCBs) (Aroclor 1254 and Aroclor 1260) were detected
 

in the Wildwood property soils. With the exception of Lindane, which was
 

detected once in the surface soils, all will be selected as chemicals of
 

potential concern. The two PCB Aroclors will be treated collectively as will
 

4,4'-DDT, 4,4'-ODD, and 4,4'-DDE, referred to subsequently as 4,4'-DDT.
 

Pentachlorophenol, phenol, N-nitrosodiphenylamine, chloroform, and 2-hexanone
 

are not considered further since they were detected only once in either
 

surface or subsurface soils.
 

Six soil samples were analyzed for the polychlorinated dibenzo-p-dioxins
 

(PCDDs), as seen on Figure 6-1. In sampling location D6, hepta

chlorodibenzo-p-dioxin (HpCDD) and octachlorodibenzo-p-dioxin (OCDD) were
 

detected at concentrations of 3.7 ng/g and 38.2 ng/g, respectively. These two
 

compounds are members of the PCDD family of compounds, the most biologically
 

active of which is 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), which
 

was not detected here. Additionally, the most biologically active congeners
 

tend to be chlorinated at the 2,3,7,8 position. For regulatory purposes, the
 

relative potencies of the other PCDDs are often based on a comparison with
 

2,3,7.8-TCDD, as discussed in Appendix A.
 

The toxicity equivalence factors (TEFs) for the congeners detected here are
 

0.0037 ng/g conservatively assuming all the HpCDD is 2,3,7,8-HpCDD and the
 

OCDD concentration is 0 ng/g. The total 2,3,7,8-TCDD equivalent concentration
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i ?; f. ('037 ns;/r which is well below tht 1 115's~, :vpica] soil action I c vt 1 •• for
 

thif cl>.s:, of compounds (Kimbrough 19t'4 , EPA lc'8Sd'. Thus, these l'.:o
 

compounds were not selected as chemicals of potential concern.
 

Numerous inorganic constituents were detected in the Wildwood soils. The
 

concentrations of all the inorganic constituents detected in the subsurface
 

soils fell within background ranges and hence will not be discussed further.
 

Barium, cadmium, chromium, lead, mercury and zinc were detected at
 

concentrations which exceed the range of typical soils (Table A-l of Appendix
 

A). Barium was detected at a geometric mean concentration which fell within
 

both background ranges and at a maximum concentration which fell within the
 

range of maximums of Massachusetts and Eastern United States soils (Connor and
 

Shacklette 1975, Shacklette and Boerngen 1984). Thus, barium was not selected
 

as a chemical of potential concern. The geometric mean cadmium concentration
 

was within the background range (Connor and Shacklette 1975) but the maximum
 

concentration exceeded the maximum background concentration by almost a factor
 

of 30. As a result, cadmium was selected as a soil chemical of potential
 

concern. Chromium was detected at geometric mean concentrations which fell
 

within the background range for both Massachusetts and Eastern U.S. soils
 

(Connor and Shacklette 1975. Shacklette and Boerngen 1984). The maximum
 

concentration exceeded the maximum background concentration by at least a
 

factor of 10. Therefore, chromium was selected as a chemical of potential
 

concern. Mercury was detected at geometric mean and maximum concentrations
 

which fell within the background range and were less than twice the maximum
 

background concentration, respectively. Mercury was not selected as a
 

chemical of potential concern. Lead was selected as a chemical of potential
 

concern becuase its geometric mean and maximum concentrations exceeded
 

Massachusetts background ranges (Shacklette and Boerngen 1984) and twice the
 

maximum Eastern U.S. concentration. Zinc was not selected as a chemical of
 

potential concern because it is an essential nutrient and its maximum
 

concentration fell within the acceptable range of ten times the maximum
 

background concentration. To summarize, cadmium, chromium, and lead were
 

selected as chemicals of potential concern. Additionally, all the inorganic
 

subsurface soil concentrations were detected within the range for background
 

soil with the exception of cadmium and lead.
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The rhc ir. i rd 1 s of potential concc-rn for thr
 

Conservation Corporation property are: acetone, bis(2-ethylhexyl)phthalate,
 

cadmium, chlordane, chromium, 4,4-DDT, trans-1.2-dichloroethene. lead,
 

methylene chloride, carcinogenic PAHs, noncarcinogenic PAHs, PCBs,
 

tetrachloroethene, toluene, and trichloroethene.
 

The northern sludge samples include SL-09, SL-10, and SL-11 (a duplicate of
 

SL-10). Chloroform, ethylbenzene, toluene, and total xylenes were the only
 

volatile organic compounds detected in these samples as seen in Table 6-3.
 

The last three have similar health endpoints in humans, xylene was detected in
 

the highest concentrations and was selected as a chemical of potential
 

concern, representing these three compounds. Chloroform was also selected as
 

a chemical of potential concern.
 

Numerous semivolatile organics were also detected in the northern sludge
 

samples. Of the three phenolic compounds detected, phenol and
 

pentachlorophenol were selected as chemicals of potential concern. 2

Methylphenol was not selected as a chemical of potential concern due to
 

insufficient information on its toxicity. Bis(2 -ethylhexyl)phthalate was
 

selected as a chemical of potential concern, representing the class of
 

phthalate esters. The PAHs were divided into groups as potentially
 

carcinogenic PAHs and noncarcinogenic PAHs and selected as chemicals of
 

potential concern.
 

The pesticides, chlordane, 4,4'-DDT, 4,4'- ODD, 4.4'-DDE, endrin, and lindane,
 

were detected in the northern sludge samples. Of these, chlordane and 4,4'

DDT and its degradation products were selected as chemicals of potential
 

concern since they were detected in the highest concentration.
 

The inorganic constituents detected in the northern sludge samples were, with
 

the exception of cadmium, chromium, and lead detected at levels that are
 

generally found in soils [i.e., the geometric mean concentration fell within
 

the background ranges and the maximum concentration was less than twice (or
 

ten times for the essential nutrients) the maximum background concentration].
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TABLE 6-3
 
COMPOUNDS DETECTED IN NORTHERN SLUDGES AT THE UILDUOOD
 

CONSERVATION CORPORATION PROPERTY OF THE WELLS G & H SITE
 

FREQ. OF GEOMETRIC 
COMPOUND DETECTION MEAN MAX I MUM 

ORGANICS (ug/kg) 

VOLAT1LES 

CHLOROFORM 
ETHYLBENZENE 
TOLUENE 
XYLENES, TOTAL 

1/2
1/2 
1/2 
1/2 

NA 
NA 
NA 
NA 

3150 
9500 
2390 
61000 

SEMI-VOLATILES 

BENZOIC ACID 
BENZO(a)ANTHRACENE 
BENZO(b)FLUORANTHENE 
BEN20(k) FLUORANTHENE 
BIS(2-ETHYLHEXYL)PHTHALATE 
BUTYLBENZYL PHTHALATE 
CHRYSENE 
DIBEN20FURAN 
D I ETHYL PHTHALATE 
DI-N-BUTYL PHTHALATE 
DI-N-OCTYL PHTHALATE 
FLUORANTHENE 
FLUORENE 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
NAPHTHALENE 
CARCINOGENIC PAHs, TOTAL 
NONCARC IMOGEN 1C PAH'S, TOTAL 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 

1/2 
1/2 
1/2 
1/2 
1/2
1/2
1/2
1/2
1/2
1/2
1/2
2/2
1/2
2/2
1/2
2/2
2/2
2/2
1/2
2/2
1/2
2/2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6710 
NA 

116000 
NA 

36700 
14600 
259000 

NA 
52600 

NA 
29900 

80000 
20300 
1800 
1200 
37000 
3100 
38900 
20400 
1300 
5600 
2200 
12800 
60000 
484000 
1070 
89600 
59200 
966000 
6400 

184000 
9800 

115000 

PESTICIDES/PCB'S 

GAMMA -BHC 
4,4'-DDT 
4,4'-DDE 
ENDRIN 
CHLORDANE 

1/2
1/2
1/2
1/2
2/2 

NA 
NA 
NA 
NA 

6620 

1300 
15000 
4700 
2900 
81000 

INORGANICS (mg/kg) 

ALUMINUM 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
SODIUM 
TIN 
VANADIUM 
ZINC 

2/2
2/2
2/2
2/2 
2/2
2/2
1/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2 

780 
16.9 
294 
3.46 
2310 
270 
NA 

35.4 
10400 
819 
580 
54.2 
0.38 
14.4 
454 
16.9 
43.5 
280 

1330 
86.0 
423 
13.0 
7900 
802 
279 
77.0 
39900 
6180 
1250 
173 

2.30 
17.0 
880 
45.0 
105 
742 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING THE
 
QA/QC PROCESS THE NUMBER OF SAMPLES USED TO CALCULATE THE
 
GEOMETRIC MEAN WILL SOMETIMES BE LESS THAN THE TOTAL
 
NUMBER OF SAMPLES AS PRESENTED IN THE DENOMINATOR OF THE
 
FREQUENCY OF DETECTION.
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concern tor t_ht- iior thorn sludge samples
 

Thus, the chemicals of potential concern for the northern sludges are bis (2

ethylhexyl)phthalate, cadmium, chlordane, chloroform, chromium, 4,4'-DDT,
 

lead, carcinogenic PAHs, noncarcinogenic PAHs, pentachlorophenol, phenol, and
 

xylenes.
 

The southern sludge samples included SL-01 to SL-08. The contamination in
 

these sludges (Table 6-4) was somewhat different than that found in the
 

northern sludge samples (Table 6-3). The southern sludges contained the
 

volatile compounds: trans-1,2-dichloroethene. 2-hexanone, tetrachloroethene,
 

toluene, 1,1,1-trichloroethane, and trichloroethene. All of these compounds
 

will be selected as chemicals of potential concern with the exception of 2

hexanone since it was detected at a concentration near its analytical
 

detection limit. Several semivolatile organic compounds were detected in the
 

southern sludge samples. Of these compounds, pentachlorophenol, bis(2

ethylhexyl)phthalate, and the carcinogenic and noncarcinogenic PAHs were
 

selected as chemicals of potential concern. Chlordane and 4,4'-DDT and its
 

degradation products were selected as chemicals of potential concern.
 

representing the pesticide class of compounds. Cadmium, chromium, and lead
 

were selected as chemicals of potential concern since they were the only
 

inorganic constituents detected above the typical range of inorganics in soil
 

[i.e., either the geometric mean concentration was above background ranges
 

and/or the maximum concentration was more than twice (or ten times for
 

essential nutrients) the maximum background concentrations]. Tin was detected
 

once at a level higher than background but within the range of twice the
 

maximum background concentration and was therefore not selected as a chemical
 

of concern.
 

The southern sludge chemicals of potential concern are bis(2-ethylhexyl)
 

phthalate, cadmium, chlordane, chromium, 4,4'-DDT, trans-1.2-dichloroethene,
 

lead, carcinogenic PAHs, noncarcinogenic PAHs, pentachlorophenol,
 

tetrachloroethene, toluene, 1,1,1-trichloroethane. and trichloroethene.
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TABLE 6-4
 

COMPOUNDS DETECTED IN SOUTHERN SLUDGES AT THE WILDUOOO
 
CONSERVATION CORPORATION PROPERTY OF THE WELLS G & H SITE
 

COMPOUND
 

ORGAN ICS (ug/liter)
 

ACENAPHTHYLENE

BENZO(a)PYRENE

BEN20(q,h,i)PERYLENE

BIS(2-ETHYLHEXYL)PHTHALATE

BUTYLBENZYL PHTHALATE

CHLORDANE

4,4'-DDE

4,4'-DDT

1,2-DICHLOROETHEME

DIELDRIN

DI ETHYL PHTHALATE

Dl-N-BUTYL PHTHALATE

FLUORANTHENE

2-HEXANONE

INDENO(1,2,3-CD>PYRENE

2-METHYLNAPHTHALENE

4-METHYLPHENOL '

NAPHTHALENE

CARCINOGENIC PAHs, TOTAL

NONCARC1NOGENIC PAH'S, TOTAL

PENTACHLOROPHENOL

PYRENE

TETRACHLOROETHENE

TOLUENE

1,1,1-TRICHLORETHANE

TRICHLOROETHENE


INORGANICS (mg/kg)
 

ALUMINUM
 
ARSENIC
 
BARIUM
 
BERYLLIUM
 
CADMIUM
 
CALCIUM
 
CHROMIUM
 
COPPER
 
IRON
 
LEAD
 
MAGNESIUM
 
MANGANESE
 
MERCURY
 
NICKEL
 
POTASSIUM
 
SODIUM
 
TIN
 
VANAD I UM
 
ZINC
 
CYANIDE
 

FREQ. OF

DETECTION


 1/8

 1/8


 1/8

 4/8


 1/8

 1/6

 1/8

 3/8


 1/8

 1/8


 1/8

 2/8


 1/8

 1/8


 3/8

 2/8


 1/8

 1/8


 4/8

 5/8


 1/8

 4/8


 1/8

 1/6


 1/8

 2/8


8/8
 
8/8
 
8/8
 
2/8

3/8

8/8

8/8

7/8
 
8/8
 
8/8
 
7/8
 
8/8
 
4/8
 
5/8
 
7/8
 
8/8
 
1/8
 
6/8
 
8/8
 
1/8
 

 GEOMETRIC
 
 MEAN MAXIMUM
 

 NA 2400
 
 NA 3700
 
 NA 9200
 
 1260 150000
 
 NA 38000
 
 NA 20000
 
 NA 890
 
 70.9 320000
 
 NA 120
 
 NA 32.0
 
 NA 5500
 
 363 26000
 
 NA 4400
 
 NA 12.0
 
 563 9200
 
 463 16000
 
 NA 14000
 
 NA 3500
 
 4180 9200
 
 6050 38000
 
 NA 110000
 
 766 12000
 
 NA 86000
 
 NA 1500
 
 NA 11000
 
 13.3 15000
 

1570 6660
 
8.40	 82.0
 
136 1520
 
0.29 0.50
 
0.66 18.0
 
420 1630
 
41.6 410
 
16.3 146
 
8030 22400
 
638 10000
 
1001 3290
 
55.5 141
 
0.08 3.60
 
6.52	 26.0
 
674 2000
 
141 2350
 
NA 25.0
 

14.5 54.0
 
74.2 1160
 
NA 2.30
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE QA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE LESS
 
THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN THE
 
DENOMINATOR OF THE FREQUENCY OF DETECTION.
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\\ i 1 dvood Consi r\\i r i on Corporation Propertv tlr<. acetone, bis ( 2-etiiylhexvl)
 

phthalate, cadmium, chlordane, chloroform, chromium, 4,4'-DDT, trans-1.2

dichloroethene, lead, methylene chloride, carcinogenic PAHs, noncarcinogenic
 

PAHs, PCBs, pentachlorophenol, phenol, tetrachloroethene, toluene, 1,1,1

trichloroethane, trichloroethene, and xylene.
 

6.1.2 GROUNDWATER
 

The groundwater at the Wildwood property contains a number of volatile organic
 

compounds, as seen in Table 6-5. The most frequently detected compounds are
 

trichloroethene, tetrachloroethene, trans-1.2-dichloroethene, 1,1.1

trichloroethane, chloroform, and xylenes. All of these compounds were
 

selected as chemicals of potential concern. In addition, vinyl chloride was
 

selected as a chemical of concern because it is formed by the microbial
 

degradation of tetrachloroethene and trichloroethene, as discussed in Appendix
 

B of this endangerment assessment. 1,2-Dichlorobenzene and bis(2

ethylhexyl)phthalate were the most frequently detected semivolatile organic
 

compounds. Bis(2-ethylhexyl)phthalate was not selected as a chemical of
 

potential concern because it was detected at verv low levels, as is expected
 

due to its relatively low solubility and high organic carbon partition
 

coefficient (KQC), as discussed in Appendix B. 1.2-Dichlorobenzene was
 

selected as a chemical of potential concern. Acetone, benzoic acid, 2

butanone, chlordane, 1,2-dichloroethane, 1,1-dichloroethane, methylene
 

chloride, noncarcinogenic PAHs and toluene were not considered chemicals of
 

potential concern since they were detected infrequently (i.e., in less than 5%
 

of the samples).
 

A number of inorganic constituents were detected in the groundwater at levels
 

that exceeded the typical levels detected in groundwater (Table A-2 of
 

Appendix A). Cadmium, iron, and manganese were detected at levels that exceed
 

background. Cadmium was not selected as a chemical of potential concern due
 

to its limited frequency of detection and the fact that the concentration only
 

slightly exceeded background. Iron was not selected because it is an
 

essential nutrient, and its concentrations were within the acceptable range
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TABLE 6-5
 

COMPOUNDS DETECTED IN GROUNDWATER AT THE WILDWOOD
 
CONSERVATION CORPORATION PROPERTY OF THE WELLS G & H SITE
 

FREQ. OF GEOMETRIC
 
COMPOUND DETECTION MEAN MAXIMUM
 

ORGANICS (ug/liter)
 

ACETONE
 
BENZOIC ACID
 
BIS(2-ETHYLHEXYL) PHTHALATE
 
2-BUTANONE
 
CHLORDANE
 
CHLOROFORM
 
1,2-DICHLOROBENZENE
 
1,1-DICHLOROETHANE
 
1,2-DICHLOROETHANE
 
TRANS-1,2-DICHLOROETHENE
 
ETHYLBENZENE
 
2-METHYLNAPHTHALENE
 
METHYLENE CHLORIDE
 
NAPHTHALENE
 
TETRACHLOROETHENE
 
TOLUENE
 
1,1,1-TRICHLOROETHANE
 
TRICHLOROETHENE
 
VINYL CHLORIDE
 
XYLENES, TOTAL
 
NONCARCINOGENIC PAH'S, TOTAL
 

INORGANICS (ug/liter)
 

ALUMINUM
 
ARSENIC
 
BARIUM
 
CADMIUM
 
CALCIUM
 
IRON
 
MAGNESIUM
 
MANGANESE
 
POTASSIUM
 
SODIUM
 
ZINC
 

1/18
 
1/23
 
3/18
 
1/17
 
1/19
 
10/27
 
6/22

2/42
 
1/42
 
11/40

5/41
 
2/22
 
1/9
 
2/22

13/41
 
1/39
 
14/34
 
37/42
 
3/42
 
11/42

2/23
 

2/3
 
1/3
 
3/3
 
1/3
 
3/3
 
3/3
 
3/3
 
3/3
 
3/3
 
3/3

3/3
 

NA
 
NA
 
NR
 
NR
 
NR
 

17.5
 
7.02
 
2.78
 

NA
 
10.0
 
7.02
 

NR
 
NA
 

4.80
 
7.58
 

NA
 
16.6
 
656
 
7.53
 
19.1
 
5.60
 

516
 
NA
 

13.8
 
NA
 

26000
 
388
 
5770
 
470
 
1900
 
26200
 
27.60
 

4570
 
50.0
 
4.00
 
1.30
 
0.03
 
6000
 
160
 
28.0
 
4.00
 
4510
 
1000
 
3.10
 
1250
 
5.20
 
58000
 
3400
 
7800
 

440000
 
300
 

14000
 
8.30
 

2160
 
5.00
 
30.0
 
8.10
 
27300
 
11300
 
6730
 
2200
 
2030
 
36400
 
44.4
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

NR = Not reported; chemical was detected infrequently,
 
and the use of one-ha If the detection limit in
 
calculating a mean results in a mean concentration
 
which exceeds the maximum detected value. Therefore
 
a mean is not used.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE QA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE THE GEOMETRIC MEAN WILL SOMETIMES BE
 
LESS THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED
 
IN THE DENOMINATOR OF THE FREQUENCY OF DETECTION.
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for essential nutrients, as discussed in Append!:: A. Thus, only nvin^anese was
 

selected as a chemical of potential concern. It should he noted t:.at the
 

geometric mean and maximum concentrations of sodium exceeded the Massachusetts
 

advisory level of 20,000 ug/liter for persons on a low salt diet.
 

The chemicals of potential concern for goundwater are chloroform, 1,2

dichlorobenzene, trans-1.2-dichloroethene. manganese, tetrachloroethene,
 

1,1,1-trichloroethane, trichloroethene, vinyl chloride and xylene.
 

6.1.3 SUMMARY
 

Table 6-6 lists the chemicals of potential concern for the Wildwood property.
 

The soil and sludge chemicals of potential concern are acetone, bis(2

ethylhexyl)phthalate, cadmium, chlordane, chloroform, chromium, 4,4'-DDT,
 

trans-1.2-dichloroethene. lead, methylene chloride, carcinogenic PAHs,
 

noncarcinogenic PAHs, PCBs, pentachlorophenol, phenol, tetrachloroethene,
 

toluene, 1,1,1-trichloroethane, trichloroethene, and xylene. The groundwater
 

chemicals of potential concern are chloroform, trans-1.2-dichloroethene, 1,2

dichlorobenzene, manganese, tetrachloroethene, 1,1,1-trichloroethane,
 

trichloroethene, vinyl chloride, and xylene.
 

6.2 EXPOSURE ASSESSMENT
 

6.2.1 PROPERTY UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, exposure to chemicals originating in the soil
 

will be evaluated. Groundwater is not currently used for drinking water
 

purposes. Thus, this pathway is not considered to be complete and will not be
 

evaluated herein. The property is currently fenced and thus the soil exposure
 

scenario will evaluate exposure to concentrations currently detected at the
 

site assuming the fence could be removed at some time in the future. Since
 

this scenario evaluates current conditions, it is considered under the
 

current-use conditions.
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TABLL
 

CHEMICALS OF POTENTIAL CONCERN
 
FOR THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

SOIL SLUDGES GROUNDWATER
 

Acetone Bis(2-ethylhexyl)- Chloroform
 
Bis(2 -ethylhexyl)phthalate phthalatea'b trans -1,2-Dichloro-

Cadmium Cadmium3>b ethene
 
Chlordane Chlordane3>b 1, 2-Dichlorobenzene
 
Chromium Chloroform3 Manganese
 
4,4'-DDT Chromium3'b Tetrachloroethene
 
trans -1,2-Dichloroethene 4,4'-DDTa'b 1,1,1-Trichloroethane
 
Lead trans-1.2-Dichloro- Trichloroethene
 
Methylene chloride etheneb Vinyl chloride
 
cPAHsc Leada'b Xylene
 
nPAHsd cPAHsa'b'c
 

PCBse nPAHsa'b'c
 

Tetrachloroethene Pentachlorophenol3•
 
Toluene Phenol3
 

Trichloroethene Tetrachloroethene
 
Tolueneb
 

1,1,l-Trichloroethaneb
 

Trichloroetheneb
 

Xylene3
 

3Chemical of potential concern for the northern sludges.
 
bChemical of potential concern for the southern sludges.
 
cPotentiallv carcinogenic polynuclear aromatic hydrocarbons.
 
Noncarcinogenic polynuclear aromatic hudrocarbons.
 

ePolychlorinated biphenyls.
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through the skin. Under average exposure conditions, it is assumed that an
 

individual will be at this property five days per week for four months or 100
 

per year for six years. Under plausible maximum conditions, an individual is
 

assumed to frequent the site seven days per week for six months or 168 days
 

per year for six years. The soil concentrations of the chemicals of potential
 

concern are summarized in Table 6-7. The sludge concentrations for the
 

chemicals of potential concern are summarized in Table 6-8.
 

The contaminated soils can act as a source of volatile organics to the air.
 

Additionally, although the site is currently fenced, it is possible that the
 

fence could be cut and young adults with dirt bikes could ride on the unpaved
 

road at this property. Thus, these two air pathways will be assessed here.
 

The volatilization of chemicals from the soil is dependent upon soil
 

conditions and the physicochemical properties of the compound. Highly organic
 

soils retard diffusion and mass transport because the soil particles can act
 

to sorb the organic compounds to them. This effect is more significant for
 

semivolatile compounds, such as bis(2-ethylhexyl)phthalate, than volatiles
 

such as trichloroethene (Urano and Murata 1985). Highly porous and dry soils
 

have a higher diffusion rate because there are more air spaces for the organic
 

compounds to move through. A mathematical model (Karimi 1987) summarized in
 

Appendix C was used to calculate the emission rate due to soil volatilization
 

of organic contaminants in the Wildwood Conservation Corp. property soils and
 

sludges. Table 6-9 summarizes the results of the model.
 

Dust can be generated during dirt bike riding and inhaled by the bike rider or
 

by other individuals present in the area For this exposure scenario, it is
 

assumed that four dirt bike riders use the property. The methodology used to
 

evaluate this scenario is summarized in Appendix C and is derived from that of
 

Cowherd et al. (1984). Table 6-9 also presents the concentrations of the
 

chemicals of potential concern found in dust resulting from this scenario.
 

6-17
 



TABLE ( - '
 

SOIL CONCENTRATIONS FOR THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

COMPOUND CONCENTRATION (ug/kg)
 

GEOMETRIC MEAN MAXIMUM
 

Acetone 81. ,4 1200
 
Bis (2-ethylhexyl)phthalate 407 9349
 
Cadmium 720 27200
 
Chlordane 68, ,1 23000
 
Chromium 45500 3060000
 
4,4'-DDTa 45. .1 1020
 
trans -1 , 2-Dichloroethene 4. .07 89, .0
 
Lead 31000 683000
 
Methylene chloride 22, .1 670
 
cPAHsb 1100 6090
 
nPAHs0 713 3830
 
PCBsd 386 130500
 
Tetrachloroethene 7, .44 2000
 
Toluene 6.21 49 .6
 
Trichloroethene 81 .8 11960
 

aThe concentration reported for 4,4'-DDT includes the concentrations of 4,4'
DDD and 4,4'-DDE.
 

Potentially carcinogenic polynuclear aromatic hydrocarbons; includes
 
concentrations of benzo(a)anthracene, benzo(b)fluoranthene,
 
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, and indeno(l,2,3-c,d)pyrene.
 

cNoncarcinogenic polynuclear aromatic hydrocarbons; includes concentrations of
 
acenaphthene, acenaphthylene, anthracene, benzo(g,h,i)perylene, chrysene,
 
fluoranthene, naphthalene, phenanthrene, and pyrene.
 

Polychlorinated biphenyls; includes concentrations of Aroclor 1254 and
 
Aroclor 1260.
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TABLE 6-8
 

SLUDiT. CONCENTRATIONS FOR THE CHEMICALS oF POTENTIAL CONCERN
 
FOR THE WILDlCof'P CONSERVATION CORPORATION PROPERTY
 

COMPOUND CONCENTRATION (ug/kg)
 

GEOMETRIC MEAN MAXIMUM
 

NORTHERN SLUDGES
 

Bis(2-ethylhexyl)phthalate NA 37000
 
Cadmium 3460 13000
 
Chlordane 6620 81000
 
Chloroform NA 3150
 
Chromium 270000 802000
 
4,4'-DDTa NA 19700
 
Lead 819000 6180000
 
cPAHsb 14600 59200
 
nPAHs 259000 966000
 
Pentachlorophenol NA 6400
 
Phenol NA 9800
 
Xylene NA 61000
 

SOUTHERN SLUDGES
 

Bis(2 -ethylhexyl)phthalate 1260 150000
 
Cadmium 660 18000
 
Chlordane NA 20000
 
Chromium 41600 410000
 
4,4'-DDTa 128 321000
 
trans-1,2-Dichloroethene NA 120
 
Lead 638000 10000000
 
cPAHsb 4180 9200
 
nPAHs 6050 38000
 
Pentachlorophenol NA 110000
 
Tetrachloroethene NA 86000
 
Toluene NA 1500
 
1,1,1-Trichloroethane NA 11000
 
Trichloroethene 13.3 15000
 

NA = Not applicable; geometric mean not calculated with only one positive
 
detection.
 
aThe concentration reported for 4,4'-DDT includes the concentrations of 4.4'
 
DDE.
 
Potentially carcinogenic polynuclear aromatic hydrocarbons; includes
 

concentrations of benzo(a)anthracene, benzo(b)fluoranthene,
 
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, and indeno(1,2,3-c,d)pyrene.
 
cNoncarciongenic polynuclear aromatic hydrocarbons; includes concentrations
 
acenaphthene, acenaphthylene, penanthrene, and pyrene.
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TABLE 

AIR co;iuL:;iRATio:\s R E S U L T I N G FROM V O L A I . L . L Z A ' J I G M AND VEHICULAR TRAFFIC 
EMISSIONS AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

CONCENTRATION 
Volatilization Dust 

CHEMICAL Mean Maximum Mean Maximum 

SURFACE SOILS 

Acetone 5.79E-04 8 . 54E -03 2. .20E-09 3 .24E-08 
Bis(2-ethylhexyl)phthalate 2.70E-10 6. 21E -09 1. .10E-08 2.53E-07 
Cadmium NAP NAP 1. .95E-08 7.35E-07 
Chlordane 2 .27E-06 7 .68E -04 1. .84E-09 6.22E-07 
Chromium NAP NAP 1. .23E-06 8.27E-05 
4,4' -DDT 1.45E-08 3 . 57E -07 1. .12E-09 2.76E-08 
trans -1 , 2-Dichloroethene 1.68E-04 3 .67E-03 1. .10E-10 2.41E-09 
Lead NAP NAP 8, .38E-07 1.85E-05 
Methylene chloride 2.08E-03 6. 30E -02 5. .98E-10 1.81E-08 
cPAHs 5.35E-11 2 .96E -10 2. ,97E-08 1.65E-07 
nPAHs 1.06E-04 5 .71E -04 1. .93E-08 1.04E-07 
PCBs 1.52E-07 5 . 12E -05 1. .04E-08 3.52E-06 
Tetrachloroethene 1.29E-04 3.47E -02 2, .01E-10 5.41E-08 
Toluene 3.97E-03 3 .17E -04 1. .68E-07 1.34E-09 
Trichloroethene 1.74E-03 2.55E -01 2. .21E-09 3 .23E-07 

NORTHERN SLUDGES 

Bis(2-ethylhexyl)phthalate NA 1.08E -09 NA 1.01E-06 
Cadmium NAP NAP 9.41E-08 3.53E-07 
Chlordane 9.46E-06 1. 16E -04 1.80E-07 2.20E-06 
Chloroform NA 5.43E -02 NA 8.55E-08 
Chromium NAP NAP 7.34E-06 2.18E-05 
4,4' -DDT NA 2 .95E -07 NA 5.36E-07 
Lead NAP NAP 2 .23E-05 1.68E-04 
cPAHs 3.OOE-11 1. 20E -10 3.97E-07 1.61E-06 
nPAHs 1.65E-03 6. 16E -03 7.04E-06 2.63E-05 
Pentachlorophenol NA 2.91E -09 NA 1.74E-07 
Phenol NA 4.44E -06 NA 2.66E-07 
Xylenes NA ~> . 03E -02 NA 1.66E-06 
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TAi^LE 6-9 i Continiu <\ <
 

AIR CONCENTRATIONS RESULTING FROM VOLATILIZATION AND VEHICULAR TRAFFIC
 
EMISSIONS AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

CONCENTRATION (mg/rn^)
 
Volatilization Dust
 

CHEMICAL Mean Maximum Mean Maximum
 

SOUTHERN SLUDGES
 

Bis(2-ethylhexyl)phthalate NA 1.37E-08 NA 4.06E-06
 
Cadmium NAP NAP 1.89E-08 4.87E-07
 
Chlordane NA 8.79E-04 NA 5.41E-07
 
Chromium NAP NAP 1.12E-06 1.11E-05
 
4,4' -DDT NA 1.48E-05 1.74E-08 8.65E-06
 
trans -1,2 -dichloroethene NA 6.50E-04 NA 3.24E-09
 
Lead NAP NAP 1.73E-05 2.70E-04
 
cPAHs 2.68E-11 5.89E-11 6.09E-08 2.71E-07
 
nPAHs 1.19E-04 7.45E-04 1.64E-07 1.03E-06
 
Pentachlorophenol NA 1.54E-07 NA 2.97E-06
 
Tetrachloroethene NA 1.96E-01 NA 2.33E-06
 
Toluene NA 1.26E-03 NA 4.06E-08
 
1,1,1 -Trichloroethane NA 7.88E-02 NA 2.97E-07
 
Trichloroethene 3.72E-04 4.20E-02 3.60E-10 4.06E-07
 

NA = Not applicable; geometric mean not calculated for only one positive
 
detection.
 

NAP Not applicable; inorganics are not volatile.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e. , the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places to
 
the left (i.e., 2.4E-03 = 0.0024).
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f> 2 1 PROPLiT'i I'NDEK FlTl'RF-rSE CONDITIONS
 

In the absence of institutional controls limiting access of future uses of the
 

Wildwood property, there are additional exposure pathways that must be
 

evaluated. It is possible that in the future, this property will be
 

developed. Future land use involving excavations for utilities or
 

construction would create the potential for workers to be exposed to
 

contaminated soils through dermal contact and subsequent incidental ingestion
 

as well as through inhalation. This type of exposure would be short term
 

compared with the exposure scenario developed for teenagers or young adults
 

under current-use conditions, although workers could be exposed to higher
 

concentrations over the much shorter time frame (e.g., one or two months).
 

Therefore, this scenario will not be quantified.
 

It is also possible that in the future, this property will be developed for
 

residential purposes. Should this occur, the potential exists for residents
 

living on the property to be exposed to contaminated soils during outdoor
 

activities. Exposure is assumed to occur via direct contact with contaminated
 

soils with subsequent ingestion and dermal absorption of chemicals. The soil
 

and sludge concentrations in Table 6-7 and Table 6-8 \;ill be used herein.
 

This provides a conservative evaluation because the concentrations of the
 

volatile organic compounds will decrease with time. Because these exposures
 

are assumed to occur over a lifetime, time-weighted averages for the amount of
 

soil ingested per exposure event, the dermal soil contact rate, and an
 

individual's body weight were calculated and used to quantitatively evaluate
 

exposure of onsite residents over a lifetime.
 

While an individual resident is outdoors, exposure to volatile organics
 

present in the soil may occur. This exposure scenario provides a conservative
 

estimate of exposure because it assumes that the concentrations of the
 

chemicals of potential concern in soil remain constant over time. In reality,
 

these concentrations will decrease over time. Dust exposure which was
 

evaluated under current conditions was not evaluated for the future-use
 

scenario since it is assumed that much of the site will be unavailable for
 

dirt bike riding. The individual inhalation rate is averaged over a lifetime,
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volatilization (Table 6-9) are assumed to apply here. It should be noted that
 

this scenario does not consider inhalation exposure of volatiles which could
 

migrate from outdoors into the home. Thus, in terms of total exposure, this
 

scenario may underestimate exposure and risk.
 

It is also possible that in the future a well to be used for drinking water
 

purposes will be installed at the Wildwood property. Thus, another exposure
 

scenario would involve the ingestion of groundwater. Should this water be
 

used in a residential setting, exposures could occur via inhalation and dermal
 

contact from bathing or showering, washing clothes, cooking, washing dishes,
 

and any other household activities which involve the use of water. In this
 

endangerment assessment, exposure via ingestion and dermal contact and
 

inhalation while showering will be evaluated. The groundwater exposure point
 

concentrations are summarized in Table 6-10.
 

The groundwater concentrations of the chemicals of potential concern
 

summarized in Table 6-10 were used to estimate the concentrations that might
 

be expected to occur while showering. Using a theoretical exposure model
 

outlined in Appendix C (Foster and Chrostowski 1986, 1987), the transfer of
 

volatile organic compounds from shower droplets into the air and their
 

subsequent inhalation were estimated. Based on this exposure model, the
 

potential inhalation exposures to the groundwater contaminants which could
 

volatilize were quantified. Manganese is not volatile and hence are not
 

evaluated in this exposure scenario. The model does not estimate dermal
 

absorption of contaminants while showering. However, given the exposure
 

scenario and the physical and chemical properties of the organic compounds
 

considered in this assessment, dermal absorption is likely to result in
 

minimal exposure as compared to exposure via inhalation. The model estimates
 

the intake level (in mg/kg/day), rather than the ambient air concentrations
 

that might be expected while showering. These values are presented in Table
 

6-11 for the geometric mean and maximum concentrations of the contaminants in
 

groundwater.
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TABLE 6 - 1 0 

.:.V:ATER CO:,TL;:;TRATJG:;S FOR I H  L n i r .MU'ALs HF POTENTIAL co: 
FOR THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

(ug/liter)
 

CONCENTRATION
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

Chloroform 17.5 6000 

trans -1,2-Dichloroethene 10.0 4510 

1,2-Dichlorobenzene 7.0 160 

Manganese 470 2200 

Tetrachloroethene 7.6 58000 

1,1,1-Trichloroethane 16.6 7800 

Trichloroethene 656 440000 

Vinyl chloride 7.5 300 

Xylene 19.1 14000 
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TABLE 6 -] 1
 

INTAKES OF THE CHEMICALS OF POTENTIAL CONCERN WHILE SHOWERING WITH
 
GROUNDWATER FROM THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

COMPOUND INTAKE (mg/kg/day)
 

GEOMETRIC MEAN MAXIMUM
 

-4 1
Chloroform 4. .44x10 1. 52x10

-4 3
1 , 2-Dichlorobenzene 1. .56x10 3. 57x10
-4 1
trans -1 , 2-Dichloroethene 2. .80x10 1. 26x10'
 

-4
 Tetrachloroethene 1.77x10 1. 35
 
-4 1
1,1, 1-Trichloroethane 4.21x10 1. 98x10

-2
 Trichlo'roethene 1.65x10 11 .1
 

-4 2
Vinyl chloride 2.51x10 1. 01x10
-4 1
Xylene 5 .18x10 3. 79x10'
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e., 2.4E-03 = 0.0024).
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6 I RISK ASSESSMENT
 

According to guidelines for preparing risk assessments as part of the RI/FS
 

process (EPA 1986a), the potential adverse effects on human health should
 

first be assessed where possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environment. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will
 

present a comparison of exposure point concentrations to the applicable or
 

relevant and appropriate requirements (ARARs) as well as a quantitative risk
 

assessment.
 

6.3.1	 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS AND
 
OTHER GUIDANCE LEVELS
 

In this section, the concentrations of chemicals of potential concern in
 

groundwater at the Wildwood Conservation Corporation property are compared to
 

ARARs. Table 6-12 presents this comparison, and as can be seen from the
 

table,	 the geometric mean and maximum concentrations of manganese,
 

trichloroethene, and vinyl chloride exceed their MCLs. It should be noted
 

that the MCL for manganese is a secondary standard which is not federally
 

enforseable and is based on organoleptic considerations. Only the maximum
 

concentrations of chloroform and 1,1,1-trichloroethane exceed their MCLs.
 

For those chemicals without MCLs, a comparison can be made to the other
 

guidance levels available. The maximum concentrations of trans-1.2

dichloroethene and xylene exceed their respective Massachusetts drinking water
 

standard, and both the geometric mean and maximum concentrations of
 

tetrachloroethene and 1,2-dichlorobenzene exceed their Massachusetts drinking
 

water standards. There are no ARARs for soil.
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TABLE 6-12
 

COMPARISON OF CHEN'iCALS OF POTENTIAL CONCERN IN THE GROUNDJATER AT THE
 
WILDUOOD CONSERVATION CORPORATION PROPERTY WITH ARARS AND OTHER GUIDANCE LEVELS
 

(mg/liter)
 

Concentration
 
A n A n
 ... MKHK
 

Geometric Massachusetts
 
Compound Mean MCL Drinking Water Standard
 

Chloroform 0.00175 6.000 0.1 (a) 0.10 (a)
 

trans-1 ,2-Dichloroethene 0.001 4.510 0.07 (b,d)
 

1 ,2-Dichlorobenzene 0.007 0.160 0.60 (b,d)
 

Manganese 0.47 2.200 0.05 (c) 0.05 (c)
 

Tet rach I oroethene 0.0076 58.000 0.005
 

1,1, 1-Trichloroethane 0.0166 7.800 0.20 0.20 (d)
 

Tnchloroethene 0.656 440.000 0.005 0.005
 

Vinyl Chloride 0.0075 0.300 0.002 0.002
 

Xylene 0.0191 14.000 0.62
 

(a) For total trihalomethanes; refers to sum of chloroform, dibromochloromethane,
 
bromodichloromethane, and bromoform.
 

(b) Proposed.
 
(c) Based on organoleptic considerations.
 
(d) Shall not exceed health advisories which have been adopted by the Massachusetts
 

Division of Water Pollution Control and/or the EPA. For groundwater, this
 
would equate to the Clean Water Act criteria for human health (drinking water
 
only) or the Safe Drinking Water Act Maximum Concentration Limit Goals, whichever
 
is more stringent.
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To quantitatively assess the risks to human health associated 'with the future-


use exposure scenarios considered in this assessment, the concentrations of
 

chemicals in relevant environmental media (exposure point concentrations)
 

presented in Section 6 2 are converted to chronic daily intakes (CDTsI (bis
 

are the amount of a substance taken into the body per unit body weight per
 

unit time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime
 

for carcinogens (EPA 1986b) and over the exposure period for noncarcinogens
 

(EPA 1986c) Section 1.4.4 summarized the methodology that will be used in
 

this section.
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
 

exposed populations, and exposure conditions such as frequency and duration of
 

exposure For each exposure scenario evaluated, two exposure cases--an
 

average case and plausible maximum case--are considered. For the average
 

exposure case, geometric mean concentrations are used together with what are
 

considered to be the most likely (although conservative-1 exposure oorditiors
 

For the plausible maximum case, the highest measured concentrations are used
 

together with high estimates of the range of potential exposure parameters
 

relating to the frequency/duration of exposure and quantity of contaminated
 

media contacted. It should be noted that the exposure scenarios assumed for
 

the plausible maximum case, while considered possible, are likely to apply, if
 

at all, to only a very small segment of the potentially exposed populat ions
 

Chronic daily intakes, excess lifetime cancer risks, and CDI'RfD ratios for
 

the site-related chemicals considered in this assessment, as well dS the
 

assumptions and proceduies used to calculate these values, are shown below for
 

each scenario evaluated
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6 3 2  1 Pioperty Under Current-Use Conditions
 

In this section, exposure point concentrations are used to estimate the extent
 

of human exposure to the chemicals of potential concern under the current use
 

conditions at the Wildwood Conservation Corporation property. As has been
 

discussed in Section 6.2, direct contact with contaminated soil and inhalation
 

of volatiles released from soil and dust generated by young adults riding dirt
 

bikes are the exposure pathways that may have a potential impact on human
 

health under current use conditions.
 

Direct Contact With Contaminated Soil. Under current-use conditions, young
 

adults trespassing on the Wildwood Conservation Corporation property could be
 

exposed to contaminated soils and sludges. Direct contact with the
 

contaminated soils and sludges could lead to dermal contact and absorption of
 

contaminants through the skin, as well as inadvertent ingestion of the
 

compounds.
 

Table 6-13 presents the assumptions used in assessing exposure via these
 

pathways. These assumptions were based on the exposure pathway analysis
 

presented in Section 6.2 and the best currently available information. EPA
 

standard assumptions for average lifetime (70 years) and adult body weight (70
 

kg) were used (Anderson et al. 1985). Exposure to both the soils and sludges
 

was evaluated using the same set of exposure assumptions.
 

Average and plausible maximum incidental ingestion rates for the young adults
 

are 50 and 100 mg/day. The derivation of these rates is discussed in Appendix
 

C, and was based primarily on the work of Lagoy (1987).
 

Values of 400 ing/day and 990 mg/day are used as the average and plausible
 

maximum estimates of soil contact rates for dermal exposure. These values are
 

contact rates for each exposure event and are based on a consideration of
 

contact rates in mg soil/cm^ skin (0.5-1.5 mg/cirr) from Schaum (1984), surface
 

area of parts of the body that are likely to be in contact with soil (e.g.,
 

approximately 840 cm^9 for the palms of the hands and 1,140 cm 9  for the
 

forearms) from Anderson et al. (1985), and of certain subjective factors
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TABLE --I''.
 

ASSUMPTION'S FOR USE IX RISK ASSESSMENT FOR DIRECT CONTACT BY YK;NG ADULTS
 
WITH SOIL SLUDGES AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight
 

Average Lifetime-


Incidental Ingestion Rate
 

Percent PAHs, Pesticides, PCBs,
 
Phthalates Absorbed from
 
Ingested Soils
 

Percent Other Organic Compounds
 
Absorbed from Ingested Soils
 

Percent Inorganic Compounds
 
Absorbed from Ingested Soils
 

Soil Contact Rate
 

Percent PAHs, Pesticides, PCBs,
 
Phthalates Absorbed Dermally
 
from Skin
 

Percent Other Organic Compounds
 
Absorbed Dermally from Skin
 

Percent Inorganic Compounds
 
Absorbed Dermally from Skin
 

Average Exposure
 

100 day/yr
 

6 yr
 

45 kg
 

70 yr
 

50 mg/day
 

15%
 

100%
 

100%
 

400 mg/day
 

0.3%
 

1%
 

Negli gible
 

Plausible
 
Maximum Exposure
 

168 day/yr
 

6 yr
 

45 kg
 

70 yr
 

100 mg/day
 

45%
 

100%
 

100%
 

990 mg/day
 

3%
 

10%
 

Negligible
 

6-30
 



The derivation of the absorption factors are summarized in Appendix C. These
 

factors are based upon the likelihood that the chemicals will be adsorbed onto
 

the soil (e.g., pesticides, PAHs, and PCBs) and hence, be less bioavailable
 

than these same chemicals in drinking water, for example.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

soil ingestion and dermal absorption of chemical contaminants can be
 

calculated. The formulae used are presented in Appendix C of this
 

endangerment assessment. The total GDI associated with direct contact with
 

soils is the sum of the GDIs from incidental ingestion and dermal absorption.
 

Tables 6-14, 6-15, and 6-16 presents the average and plausible maximum GDIs,
 

as well as the potential carcinogenic and noncarcinogenic risks associated
 

with these exposures to surface soils, and the northern and southern sludges,
 

respectively.
 

The upper bound lifetime excess cancer risks associated with surface soil
 
Q
 

chemicals exhibiting potential carcinogenic effects are 7x10 (seven in one
 

hundred million) for the average exposure case and 7x10"^ (seven in one
 

hundred thousand) for the plausible maximum exposure case. The presence of
 

chlordane, the carcinogenic PAHs and PCBs contributed most to the potential
 

risk.
 

Exposure to chemicals exhibiting noncarcinogenic effects appears to present a
 

low probability of adverse health effects based on the conditions of average
 

exposure, as the hazard index is less than one. The hazard index exceeded one
 

under plausible maximum exposure conditions primarily due to exposure to lead.
 

Exposure to the northern sludges resulted in a 8x10"' (eight in ten million)
 

and 5x10"^ (five in one hundred thousand) upper bound lifetime excess cancer
 

risk for the average and plausible maximum exposure cases. In both cases, the
 

risk was due primarily to the presence of the carcinogenic PAHs. The hazard
 

index for the average exposure scenario was less than one. Exposure to
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~ _i Ê  03 u i Uli i UJ cn Q-ro 

o o3 13 S z z ̂  oc 
CD O < DC LU 

^ Ul > O —	 co ui 
t— CD —1	 s^ O 

4-« C_ -r- • 

O CO U CM CO •— 01 o OJ 
CJ Z  ̂ i1' "D 
0 UJ O "•». —iZ ^ ̂  r^ f"-» *o § • 

D) A) —1 UJ O» CD O o o ooo 
J 0 

O Ct£ -v. CO •— u 1 1 n HI u i HI	 0) L, —
C

 —
 • 

CO Q. > O 4-i ^x — O D) Zi X 
Z £ CO E < < -» rj r~-s.ro — H- CO 

Of • UJ CD v _J £ 4^ U 4-* 

UJ < Z < Q- «-ro CMr--c\j — TJ — •*
re CJ Z CA 0) T> 4) 
t— 0 O Q . 4-- C — 

5.01 CO — g —• D 01 
CO 

>- O Ul — CO O 4J §
u. t— UJ U LU § § 0 > 

>r_ <jj >» o 

t— CO —> < i LU i > LU 
t— Z UJ CC i Ch i « »- —' O> 0) 2 
CJ «£ O <C UJ in h' § OJ L_ Oi 

ID Z «— >	 C CJ "D to 
o ~ > < rg in 2	 C (J 

f	 jC t/i co ro 
*j ,— . (/j _c —• 

CJ	 
*— «— o «— •— a « c **- t_ 

1—	 o o o o o o • o Ot: o **
^ •!— Cfl JU -C ° 

UJ 
0

5-
§	 5 c c i- JT tA 

Of. o o in iN- ro 4-* <0 Q 0> *-* L. 
< X f^. tr- ct— ̂ , »»	 CD O1JD O — CD C) 

o	 
>- Dl Z rocoro-in 3 0 W 2 * w"g 

U C O"D W —c3-s^els 
O **- *p CB -O "D 

oS o o >-o o	 o o 
Q CJ ^^ o »-	 4J JZ— C . — 

O C 4-1 — Ul <4

1— _l h- Z + -t C O O CO CJ CM — 
«—' Ul < < Ul < < Ul 

o o 

Z (M Z Z O	 C 4-» 4-1 O CO CA 01 
CD Q. CD L- CJ CD U.— 
M L. E CD CA 8 e> <o »- O 0 — JZ 

</) C A L - L . I O O 4) 
u ja co CD— 3 jz 

— CO O> 4-> CA 4J 
L. I__• C •-' 
4J—• CO O 11 T) 

CO 41 CO 41 3 4^ C O ) 

CO 
4) 0) 3 —• 4-> E= 

CD	 cn"D C 3 "O co 
5-D.C 4-> OJ 

...._. CO O JJ 
OJTJ oo c 

to | —• 4> D.— CA TJ 
Ul JO — C C 0 ̂  
Q CD H- U 01 01 — 13 

o — ••— cn cn *4- o3	 X -J — «j c o o — jz 

£ 01 < —• C 01 C C 4-> CA 
&CD O>— — C 

X 3 O O U CD — 
II 1 I*. E t- 03 tT c e_ i_ — co 

JZ 0) C_ x-» — CD CO O E 

1 
Q 4-> C O 1— CO 4^ 4-» CJ O O C/> — 

0) CO -4- D vx o o c . c c o 
I TJ 0 Q Z Z CO O 0 01 

f\J i- t- I CA U Z Z ""O 
^ 0 0 - 3 : 

II II ̂ ^^ UJ ^ 
g "- JZ JZ »CL <a IB S cj o jz 
o CO CJ CJ ̂ f CJ 

http:CAL-L.IO


111 
_J Z ro <NJ o ** «- rxi •«- ro -»^ in IN 
DBS OOOOOOOOOOO r* cu 
C/> ~ uj uj "it u uj UJ i1* uj ui uj uj 4^ 

O
Z3

 < < 
X •"•f^rN**— '"Ooococoruo	 ^ 

**- —J £ ^rvj-~»^M^^rvJK)sr IA 

Q	 en 
LJ	 0 

^_ U. Ki m ro ^— in *y ra 
t_ O LLJ O O CD O O • u 

i . • i i O
 
LU O < I iii LLJ 1 UJ 1 'i l LU l l l ^^
 
Q.	 i »— »— i xj i ̂  in i i i 1 
o 1- UJ «- o <o «- ro	 "
Cu DC < ro rJ ^ -*ro \v	 4-1 

C
 

| LU 1
 
»—
 

° S O O O O O O O O O O O	 2 
o. U D O) LU LU UJ LU LU UJ LU UJ LU UJ LU	 GJ 
a. Z H- J^ O O O O O O O O O O O 
o LJJ OC ̂  ooooooo«-ooo	 '— 

LU £ f\JLTlLT"i'"~LOLf"1'ONj'K*|'1^''NJ	 ro 
D) 

O LU O 
C 

Of
 
UJ UJ
 
tn 

LU h- CD 3 OOOOOOOOOOO	 L
O 
u	 UJ LU LU LU LU UJ UJ UJ LU IU UJ 

rorooeoo«-rJcoooO zl i|	 1 
*- _1 IX O) ^~* (X c\j*— *o^»co«— *or*-co«— co 

0)

0
 J %^	 ^ 

— O 0) 4-*
 
^H < I-^J*
 
3 Q -v.
 

U) *O r̂ . m ^ in	 O 
(_> £ LU LU	 o o o o o cu 

•"	 z •— < 1 UJ ii1 l UJ 1 LU LU l 1 1 ~§
O Q OC i in o i ro i o h- » i i
 

H- OC CJ UJ om CM -»ro 4->
 
^ *-" > 

*™* u < «-^ro co ru«-^	 c 
O	 O O) 

2	 ^ E 
CO CO
 

UJ 0)
 
CL	 co 

4-1 

•g UJ OC 
oe	 U CO — * 

to	 — —J CDO o oo o oooo 
ui Q( H i iiiQ niQ in uj LU UJ 

1— CJ —• Q ^ X 
£ LU < < «- -* m o oo-oeo	 ai . 

.1 c/> z LU CO —J I 
1— LU 3: DC Cu *- c\j O in CNJ «— rsj *— — -j-

O O —• (A 
c :D o Co-0	 CD 
o o z u_ CO ""••»	 -o 
o	 <c — 0 < 0) tn . 

u o O) O
 
C3 rv* >- >- *-̂  CO O U
 

in H- «j en LU 0 0	 CO II §	 5 •— _i £ u 1i O UJi O i O UJ• t i	 "S-ro 
-i	 1 § i z ro i z i zo i i i o o ro 

Z < OC LU CO CO c c 
UJ	 CO UJ 
—i	 CO _J o o < ^ ^~ .- o E -* vo 
CD 4-» t-

CO •— o ro 0 CNJ 
t—	 LU V— Cf (J a;

(j Z "O LU 4J C TJ 
0 LU o •*** -J z O) O

_j uj en co 3 O O O O O O O O O O O -o c O) CU
-l O < CQ-*  —I 1 1 1 1 1 1 1 1 1 1 1 c •
 
GO O. CJ OC-v CO ~ UJUJUJUJUJUJUJUJLJJUJUJ
 

> 0	 4-* N /̂ 
z	 Z CO E <C < r^roK-f\JCNJoro*»inorj CD 

LU	 CO •z < CL »— •— rorocoo*o*^^o^^ •̂  T> ••- H-
u	 z <n cu T3 CU 

t— Q 0	 o • »-> 
O- 01 CO 

__ ^ O	 o <~ CJ 
CO	 o ja — >t- JZ 

>- Q LU S r*~ m ^f m c — ro O 4J
 
LL. H- UJ O LU o o o o O Dl >
 
O	 f-, ^_ 2 U i i i i i .̂  <u X O
 

t— CO •-• < i LU LU l IU l UJ UJ l l l ro 4-*
 
t—	 z LU o: i in ro i r\j < O CO < » t . O) 0) 3 
U <C O < LU o o r\j -* «- C OJ t- en
 

0 C 01 •g cu
 
^ Z  >—'	 C uo —> < ^ ro co t\j^ 

z	 r- w ro ro 
^ •- . 0 5 

LJ 
o	 

•— yi o 5~E. 
I tn C •»

t— z z O O O O O O O O O O O u • o a O H
O o ID
 f- Q 

LU ii i iii iii LU lit 1 1 1 uj UJ in iii LLJ CU C C t- JZ tn
 
OC H- •— ooomrgr-.co^)ooo 4-* CO O CO *-• u
 

CD O1JO U "-	 CO 0) 
* ^N X	 . L_ t O3

ro-coroeo^-oo.00* 3 o ro L. 
o c o-o » Ji 1—	 LU *̂ . -- — O X C 
CO	 1- JZ CU 

3	 OH-TJ O) 
o x u o 

O	 o — o o rj roro 4-> JZ -^ C t •*
LU OC o o o o o O C 4J •- LU H
1— —l t— Z + + + 4 - 4 - C O O CDU r\j .,

«—I QJ ̂  

O Z LU Z > O ( M Z O Z O O Z Z Z C *J 4-» O CO w g_
O 00 OI CO Q. CD 1- O
 
O LU 0) 1- E CO V)
 
CO	 rovd ro coro I o 5 JT — 
CO	 in L. L- CD Ufl* 

U JQ CO CO *~	 3 J= 
— CO CU •*•> w *•*
 

CO l. <--• C.
 
4-» ™- CO U 0)
 

CO OJ
 c"8 
4^	 0 > 

DC CO	 S E"o x§-
Oi 0)  3—•

0 CO	 orocg/g CD 
z JZ X
 

4_> UJ • . . »—' tD
 

•5	 <=< eu T3 o o c^, 
CO Q-	 z —' cu Q.— tn 
LU	 JD— C C O —• 
oc	 ro •+- o oi cu 

-E 1 o O •»- '^- CD O) 
? °X A) Of •^ 4-> C O O §	 CD JCZ "4 — c cu c c 

o.	 JZ O. isl &co at-- •— C 
X _- O	 < 3 O O O 
UJ X E 1- X CO D" C 1- I

jz 01i- ~* O •^ CO CO U E

Ci 4-< c o BI- ja — 4-> 4-» O U O t/> '— 

m E <n M- 5 o vxjz tn O 0 l- C C u
i 3 T 3 O — o o —• cu Z Z CO O O INJ— i -ugi in co o C o z z «•« II II 
<A'D~« —• Uxf <D«C C 0>-^ 
— CD J= J= JZ • Ol <X Ol JZ >- < a CO.Q u o JZ 

u Z «•" 

http:ro-coroeo^-oo.00


UJ 

o co$ SScScSfeS
t 1 1 1 1 >

 S 
1 

01 
JC 

8 W
CO

 CO— 
3 X 

UJ UJ UJ UJ U LLJ
KlS- ̂ OOO

 UJ 
 t\J ** 

1:0 O£
a:

 JZ 
 a. 

co «— N- *o in «— to 
JC 

Q. UJ 
CX CJ V) 

^ 
ct 
LU 

g 

«t 
UJ CJ 
X
~ t/>
1— CO
LU UJ
u- U
— X

 LU 
0 

 «t 
 a: 
 UJ 

> 

• o r~ CNJ
^ *- o «
UJ ' UJ LU ' UJ
CO i o r\J i >o
^ rjf\j 1̂  

 r^ 
o 

 UJ 
 r\j 

TO 
u 
•^ 

"8 
*^ 

Cu —1 UJ < 

g ^1 
I 
u 
o 
CJ 

z 

rj §5 

LU U O) 

*~ 5 •* 
a. o> 

oooooo
i + • + i • 
gUJ UJ UJ UJ LU 

o o in oo 
^ Ki •«* «~ *~ »~ 
cO^WT-in.

X 

a> 

"vl3 
CD 
CD 

o c 

Of III 
CO ^^ in^^^ ^N 

8 
o 

n uj

z ~ ~~

— S 

« 

i i i i i i 

coS»-ON.S
15 

1 
rO 

U. J*

_j —i a> 
 O. o-~o«>" 01 

JC 
4^ 

3 

UJ 
-f 

cj o a: LU g o co
«— o

 o 
 «— 

"o 
cu 

l_ 
Z a C/l
O LU O
OH CO O.

 < 
 ce 

 LU 

UJ
t\J
s

> LU UJ i LU 
i T- O i Kl 

 co o t> 3̂ 
Z <X
CJ CO UJ

 > 
< in in t— ^ c 

o 

co 
o. 
CO CO 
111 y^ 
DC CO 

DC 
CO 
t— O 

r> z 
§ LU 

8 
CJ Z 
z — 
8  0 

-j
g
—iO
x uj
LU CO
3C C£
CJ O^ 

C/JT3 
u- CD ̂  
o «t cn 
>- >- ^ 
i 1 cn
— —i E

UJ 

 m 5 
 wE 

 3 X 
« 

 —J Z 
 O. 

 uj 
a 

oooooo
in iiin iu i iii HI 
»-«- -o o-»«
orjro -j- CMO
ro in co CM f\j to 

o »- o o
• »- o «

'.

' 
.*

Crt
•^
L.

O
—
C
OJ

0) 
JC 

„ 

OJ • 

 •— -J
 ^xCM 

o 
 -O 

(/> • 
 OJ O 

o 
 CD II 

—' 

J-

m

DC 
< 
CJ 

—i 

z*~
< OC
rs LU
a o

 2 
 UJ 

> 
< 

LU
O

r^

 i UJ UJ * LU 
I CNJ CNI i *O 

 co CM to 
c
O
 1 -? 
 '* ra LU 

CO

o
 ~ 

z ~O UJ 

u
qj
t->

 ro
 cj

C.

 o CNJ 
 cu 
 T> 

O
3
-I
cn

z 

 LU 
H-
O 

 a. 

O •>. -11 
—j UJ o> co 2 
S ea.* — X 

OS -~. CO — 
— 00) 3X 
x cn 6 < < 

>O N- in N- 'O *O oooooo 
nI ii i in 111 uj ill 
(\JO N-tO~» CM 
O co oj -O m fi 

"8

QJ
>
•*

C CD OJ 
c • 

( _ • • - "  -
 0 4 ^  ̂  
 ** ro 

i 
LL. 

o 
L_ 

H-

z <
o z 

0 O 
u. Z — 
O < 1-c/) 
>- O LU 
H- LU CJ

1- CO «•
Z LU
< <J <

O —>

 a. 

 UJ 

< 
 O£ 

 LU 

< 

in h* f ro ̂  «— 

O O CO O 
o «- o «
UJ 1 UJ UJ 1 UJ 

0 ' o-o ' ~» 
^» in « to 

n-
VI
o •
H ,̂

§ JO
—
0)

>f

— ."CTI

g OC
jc co

 T> — t
 0) T3 CD 

~ c -
§ - „ 

 — • « + - £ 
 CO O «^ 

> 
 CU X O 

 OJ 3 
 L. W 

 OJ -Q OJ 
3 C  O 

 co ro 
0 
CJ 

t— 

UJ 

•—O 
_ 

Z

2
<

£- ̂ i
z -^ 

X

2 
X 

^ 

r\j i- CM O'- T
oooooo 
LU UJ LU " ' LU UJ 
O O «- O O O 
ino CM CNJ ̂  in 

f-J tn O, G& , 

4^ •— • C/J
— to o
3 to C •«

o • o a:
^ '^ tf) JJ
0) C C c. jc
4^ (0 O CO 4J
a aija o •—
"3 Q ro L.
U C U"P CA

 J^ —' 
 *-« D. 
 t

o •*
^O 

 to 
 C_ 
 co gj 

 u) t 
 ""3 

*— 3 
UJ ̂ * 

O w O 

CO t- JC OJ
cj H- "O cn

O X CJ O

 ^^ 
 >O T3 
 O OJ 

UJ 
h

o 

O

_J
<_

 ^^ 
ce 
h- Z 

 uj < 

B1 

O »- O CM 
o o o o 
UJ < UJ LU < UJ 
•o z coco zro 
CM CM «— tO 

4J JC •• C • — 

E C *-• •— LU H-
O CJ g O CM •— 

C *J 4-* O CO CO OJ 
a D. ro c. cj co a. 
CL> C E <0 to 
E O O — JC to i_ t- m o u 

< O J3 CO CO •• 3 JC 

CO 

CO 

a 
0 
z 

CO 
LUQC 
C/)
Q 

a. 
x 
LU 

(0 

CO 
JC 

C
x
A)

t
JC G>

 c 
 jz c —»" 
 4J C1J ^ 

 ill 1 
 ^> O O 

t I • C ^ 
4^— ro o ai T) 
CD CO OJ 3 4-> C OJ 
E e— c  o o > o u u x a. '-o 
J) 4> 3—_ «i EOl̂  C O ̂  CO 

XQ.C 4J OJ 
...._> CO OJD 
CJTJ 0  0 C 

_^ cu Q.->^ tn ^ 
J3— C C o — 
CD •* 0 OJ CD •— D 
u ••-••- o cn ** o 
•^ 4J C O O •— JC 
-* C 0) C C 4-> U) 

& co cn— .— c
3 o cj u <a — 

co IT c t i_ •— ro 
>— co ro u E 

z 

s 

4-« C t— «J —' U 
a> too ^^jc o 
" "D Q O — r\j u. « to a jc 

^> O ^ Z U U

.2 jt **.5 % '£ 
m o •<}• o t- t— 

4-» 4J O O O
O O C . C  C
Z Z CO O O

O Z Z
II II

^~»^
< O 0> J3 O
Z Z ^^ N^ ^x

 C/> • — 
0 

 OJ 
 "T3 

 LU 
h- OJ 
O JC 
Z 4^ 



UJ r«i (M «- e\j •- in«- in to K>4 «» ao 
cog OOOOOOOOOOOO •- tl 
CO- Uj 111 111 111 iji uj 111 uj UJ UJ UJ UJ 

4-1 

CK a. in K) KI CO ~» i- r- l»- -» in <o •- IA JZ 

o	 CA 
01 

u_ so -^ to m ^^ *o	 CO 
t̂— O ii i	 o o o o o o o 
oc	 i i i i i i O 
LU O	 II I n I | 1 1 1 II1 | II 1 In I I I I <*s« 
Q.	 v T f \ J i K > - O i ~ » < N J ' i i i 
O t— UJ	 KIO into rvjco 
oc 
a. 2 <	 K! Nfl- CNJ *— Kl S. TV •£ 

g	 cUJ 

i— 8 g_
 
0 9 oooooooooooo 5
 
UJ **« 
CJ O O> 01 

DC	 ggggggg°gggg 
UJ CK \
 

U Of CT)
 g

uj E CMinininin^xO>»MfNJioO	 CO
U_ N-* a>
 

0 UJ 01
 
Of	 c 

t-

Ul UJ
 
CO ^^^^Xfts-^u,^
 

iu*t- m 5 oooooooooooo	 û 
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compounds exnib I t ing none^rc i nogenic effects, under pldusiM-, rr.axiii'jm
 

eruditions resulted in a hazard index greater than OIK . primarily due to the
 

presence of lead which had an individual CDI:RfD ratio of 10. The CDI:RfD
 

ratio for chlordane also exceeded one (1.2). Exposure to these two chemicals
 

is not additive since their toxic endpoints (central nervous system for lead
 

and liver for chlordane) are not the same.
 

For the Southern sludges, the upper bound excess lifetime cancer risk was
 

2x10"' (two in ten million) for the average case and 2x10"^ (two in one
 

hundred thousand) for the plausible maximum case. The latter risk was due
 

primarily to the presence of 4,4'-DDT, carcinogenic PAHs, and chlordane.
 

Under conditions of the average case, exposure to the chemicals of potential
 

concern exhibiting noncarcinogenic effects appear to present a low probability
 

of adverse health effects since the ratios of CDI:RfD are below one. However,
 

under the plausible maximum scenario, the hazard index exceeds one .primarily
 

because of exposure to lead. A hazard index greater than one suggests that
 

exposure may be associated with adverse health effects.
 

Inhalation of Contaminated Air. Young adults who use the Wildwood
 

Conservation Corporation property for recreational purposes can be exposed via
 

inhalation to contaminated air. Exposure to air contaminants may occur
 

through inhalation of chemicals volatilized from soil or through inhalation of
 

vehicle - generated dust. The approaches used to derive the air concentrations
 

are summarized in Appendix C. The estimated air concentrations presented in
 

Table 6-9 are used to derive exposure intake estimates and subsequently risk.
 

It should be noted that these air concentrations may overestimate exposure due
 

to the fact that exposure is most likely to occur during the summer and fall
 

when the area is heavily vegetated. The presence of vegetation would act to
 

hinder dust generation and the release of volatiles.
 

The chronic daily intakes (GDIs) of inhaled airborne contaminants by young
 

adults were derived using the assumed frequencies and durations listed in
 
o
 

Table 6-17, a respiration rate of 2.8 mj/hr (based on moderate activity rate
 

reported by EPA (1987a)) and a body weight of 45 kg. In the absence of
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TABLE 6 -1 /
 

ASSUMPTIONS FOR USE IN THE RISK ASSESSMENT FOR INHALATION OF
 
CONTAMINATED AIR AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

Plausible
 
Parameter Average Exposure Maximum Exposure
 

Frequency of Exposure
 

Duration of Exposure
 

Inhalation Rate
 

Length of Visit
 

Average Weight Over
 
Period of Exposure
 

Average Lifetime
 

100 days/year
 

6 years
 

2.8 m3/hr
 

1 hour
 

45 kg
 

70 years
 

168 days/year
 

6 years
 

2.8 m3/hr
 

2 hours
 

45 kg
 

70 years
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d e f i n i t i v e t ox I cokir.t t ic data. 100% ahsorut it.n of inhaled contaminant? "as
 

as .Hired. For chcmica].s considered to bt j'Oti ntiai 1 v carcinogenic l i v
 

inhalation, the total cumulative exposure of 6 years was prorated over a 70
 

year lifetime to derive an average daily intake in mg/kg/day. For chemicals
 

which may cause noncarcinogenic effects by inhalation, the average daily
 

exposure over 6 years was calculated. Standard EPA assumptions for body
 

weight were used.
 

Tables 6-18, 6-19, and 6-20 present the average and plausible maximum GDIs for
 

the young adults exposed to contaminated air released from the surface soils,
 

northern sludges, and southern sludges, respectively, associated with the
 

Wi]dwood Conservation Corporation property. The risks associated with these
 

exposure levels are also presented.
 

The upper bound excess lifetime cancer risk under this scenario for exposure
 

to contaminated air originating from the surface soil, as seen in Table 6-18,
 

is 1x10 (i.e., one in ten million) for the average case and 3x10 (i.e.,
 

three in one hundred thousand) for the plausible maximum case. The individual
 

CDI:RfD ratios and the hazard indices for the chemicals exhibiting
 

noncarcinogenic effects are below one for the average cast-. The hazard index
 

for the maximum exposure scenario is equal to one.
 

For the northern sludge samples, the upper bound excess cancer risk for
 

exposure to contaminated air for the average exposure case is 5x10"' (i.e.,
 

five in ten million) and for the plausible maximum exposure case is 3x10
 

(i.e. , three in one hundred thousand). Ey.poc,ure to the chemicals of potential
 

concern exhibiting noncarcinogenic effects appear to present a low probability
 

of adverse health effects since the hazard indices are below one for the
 

average and plausible maximum exposure scenarios.
 

The upper bound excess cancer risks for exposure to contaminated air
 
Q
 

originating in the southern sludges, Table 6-20, are 7x10 (seven in one
 

hundred million) for the average case and 3x10 (i.e. , three in one million)
 

for the plausible maximum case. Exposure to the chemicals of potential
 

concern exhibiting noncarcinogenic effects appear to present a low probability
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TABLE 6-18
 

EXPOSURES AKD RISKS ASSOCIATED WITH INHALATION OF CONTAMINANTS RELEASED FROM SURFACE SOILS
 
BY YOUNG ADULTS TRESPASSING AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE
 
CONCENTRATION IN AIR 45-kg YOUNG ADULT PRORATED
 

(mg/m3) OVER A 70-YEAR LIFETIME LIFETIME UPPER BOUND
 
ung/> ;g/u; CM-CSS LHNLCr
 

GEOMETRIC MAXIMUM PLAUSIBLE FACTOR PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

Bis(2-ethylhexyl )phthalate 1.13E-08 2.59E-07 1.65E-11 1.21E-09 8.40E-03 1.4E-13 1.0E-11
 
Cadmium 1.95E-08 7.35E-07 2.84E-11 3.44E-09 6.10E+00 1.7E-10 2. IE-OS
 
Chlordane 2.27E-06 7.69E-04 3.32E-09 3.59E-06 1.30E+00 4.3E-09 4.7E-06
 
Chromium 1.23E-06 8.27E-05 1.80E-09 3.87E-07 4.10E+01 7.4E-08 1.6E-05
 
4,4'-DDT 1.56E-08 3.85E-07 2.28E-11 1.80E-09 3.40E-01 7.8E-12 6.1E-10
 
Methylene chloride 2.08E-03 6.30E-02 3.04E-06 2.95E-04 1.40E-02 4.3E-08 4.1E-06
 
cPAHs (a) 2.98E-08 1.65E-07 4.35E-11 7.71E-10 6.11E+00 2.7E-10 4.7E-09
 
PCBs (b) 1.62E-07 5.47E-05 2.37E-10 2.56E-07 7.70E+00 1.8E-09 2.0E-06
 
Tet rachloroethene 1.29E-04 3.A7E-02 1.88E-07 1.62E-04 3.30E-03 6.2E-10 5.4E-07
 
Trichloroethene 1.74E-03 2.55E-01 2.54E-06 1.19E-03 4.50E-03 1.1E-08 5.4E-06
 

TOTAL 1E-07 3E-05
 

B. POTENTIAL NONCARCINOGENIC RISKS (c)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE
 
(mg/m3) (CDI), 45-kg YOUNG ADULT RATIO OF CDI :RfD
 

U"y/ K-y/uj
 
DccpDcurcKtrtKtNLt nnct UUoi
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Acetone 5.79E-04 8.54E-03 9.87E-06 4.66E-04 3.00E+00 3.29E-06 1.55E-04
 
Bis(2-ethylhexyl)phthalate 1.13E-08 2.59E-07 1.92E-10 1.41E-08 2.00E-02 9.61E-09 7.06E-07
 
Chlordane 2.27E-06 7.69E-04 3.87E-08 4.19E-05 5.00E-05 7.75E-04 8.39E-01
 
4,4'-DDT 1.56E-08 3.85E-07 2.66E-10 2.10E-08 5.00E-04 5.33E-07 4.20E-05
 
trans -1 ,2-Dichloroethene 1.68E-04 3.67E-03 2.86E-06 2.00E-04 1.00E-02 2.86E-04 2.00E-02
 
Lead 8.38E-07 1.85E-05 1.43E-08 1.01E-06 6.00E-04 2.38E-05 1.68E-03
 
Methylene chloride 2.08E-03 6.30E-02 3.55E-05 3.44E-03 6.00E-02 5.91E-04 5.73E-02
 
nPAHs (d) 1.06E-04 5.71E-04 1.81E-06 3.12E-05 4.10E-01 4.41E-06 7.60E-05
 
Tet rachloroethene 1.29E-04 3.47E-02 2.20E-06 1.89E-03 2.00E-02 1.10E-04 9.46E-02
 
Toluene 3.97E-05 3.17E-04 6.77E-07 1.73E-05 1.50E+00 4.51E-07 1.15E-05
 

HAZARD INDEX <1 (0.002) 1
 

(a) Carcinogenic polynuclear aromatic hydrocarbons.
 
(b) Polychlorinated biphenyls.
 
Cc) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 
(d) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 
number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
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TABLE 6-19
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINATED AIR RELEASED FROM NORTHERN SLUDGES
 
BY YOUNG ADULTS TRESPASSING AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE 
CONCENTRATION IN AIR 45 kg YOUNG ADULT, PRORATED 

(mg/m3) OVER A 70-YEAR LIFETIME LIFETIME UPPER BOUND 
img/i ̂9/01 excess LHN LCK K1DF, 

PLAUSIBLE PLAUSIBLE FACTOR PLAUSIBLE 
COMPOUND AVERAGE MAXIMUM AVERAGE MAX I MUM (mg/kg/d)-1 AVERAGE MAXIMUM 

Bis(2-ethylhexyl )phthalate NA 1.00E-06 4.92E-09 8.40E-03 4.1E-11
 
Cadmium 9.36E-08 3.52E-07 1.37E-10 1.73E-09 6.10E+00 8.3E-10 1.1E-08
 
Chlordane 9.64E-06 1.18E-04 1.41E-08 5.80E-07 1.30E+00 1.8E-08 7.5E-07
 
Chloroform NA 5.43E-02 -- 2.67E-04 8.10E-02 2.2E-05
 
Chromium 7.30E-06 2.17E-05 1.07E-08 1.06E-07 4.10E+01 4.4E-07 4.4E-06
 
4,4'-DDT NA 8.28E-07 -- 4.06E-09 3.40E-01 -- 1.4E-09
 
cPAHs (a) 3.95E-07 1.60E-06 5.77E-10 7.86E-09 6.11E+00 3.5E-09 4.8E-08
 

TOTAL 5E-07 3E-05
 

B. POTENTIAL NONCARCINOGENIC RISKS (b)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE
 
(mg/m3) (GDI) 45 kg YOUNG ADULT RATIO OF CDI:RfD
 

^11197 •Kg/u;
 

PLAUSIBLE PLAUSIBLE RfD PLAUSIBLE
 
COMPOUND AVERAGE MAXIMUM AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate NA 1.00E-06 5.74E-08 2.00E-02 2.9E-06
 
Chlordane 9.64E-06 1.18E-04 1.64E-07 6.77E-06 5.00E-05 3.3E-03 1.4E-01
 
Chloroform NA 5.43E-02 3.11E-03 1.00E-02 3.1E-01
 
4,4'-DDT NA 8.28E-07 4.74E-08 5.00E-04 9.5E-05
 
Lead 2.21E-05 1.67E-04 3.78E-07 9.57E-06 6.00E-04 6.3E-04 1.6E-02
 
nPAHs (c) 1.66E-03 6.19E-03 2.82E-05 3.54E-04 4.10E-01 6.9E-05 8.6E-04
 
Pentachlorophenol NA 1.76E-07 1.01E-08 3.00E-02 3.4E-07
 
Phenol NA 4.70E-06 2.69E-07 2.00E-02 1.3E-05
 
Xylenes NA 2.03E-02 1.16E-03 4.00E-01 2.9E-03
 

HAZARD INDEX (0.004)
 

(a) Carcinogenic polynuclear aromatic hydrocarbons.
 
(b) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 
(c) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NA = Not applicable; average concentration not calculated with only one positive detection.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 
number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
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TABLE 6-20
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINATED AIR RELEASED FROM SOUTHERN SLUDGES
 
BY YOUNG ADULTS TRESPASING AT THE WILDUOOD CONSERVATION CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE 
CONCENTRATION IN AIR 45-kg YOUNG ADULT, PRORA1 'ED 

(mg/m3) OVER A 70-YEAR LIFETIME LIFETIME UPPER BOUND 
(mg/kg/d) EXCESS CANCER RISK 

POTENCY 
PLAUSIBLE PLAUSIBLE FACTOR PLAUSIBLE 

COMPOUND AVERAGE MAXIMUM AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM 

Bis(2-ethylhexyl)phthalate 3.42E-08 4.07E-06 4.99E-11 9.51E-09 8.40E-03 4.2E-13 8.0E-11
 
Cadmium 1.89E-08 4.87E-07 2.77E-11 1.14E-09 6.10E+00 1.7E-10 6.9E-09
 
Chlordane NA 8.84E-05 2.07E-07 1.30E+00 2.7E-07
 
Chromium 1.12E-06 1.11E-05 1.64E-09 2.59E-08 4.10E+01 6.7E-08 1.1E-06
 
4,4'-DDT 2.33E-08 2.35E-05 3.41E-11 5.48E-08 3.40E-01 1.2E-11 1.9E-08
 
cPAHs (a) 6.10E-08 2.71E-07 8.91E-11 6.34E-10 6.11E+00 5.4E-10 3.9E-09
 
Tetrachloroethene NA 1.96E-01 4.58E-04 3.30E-03 1.5E-06
 
Trichloroethene 3.72E-05 4.20E-02 5.44E-08 9.82E-05 4.60E-03 2.5E-10 4.5E-07
 

TOTAL 7E-08 3E-06
 

B. POTENTIAL NONCARCINOGENIC RISKS (b)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE
 
(mg/m3) (CDI), 45-kg YOUNG ADULT RATIO OF CDI:RfD
 

img/K< J/aj
 
DCCCDCUPCKcrhKtNLb nnci UUbt
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate 3.42E-08 4.07E-06 5.83E-10 1.11E-07 2.00E-02 2.91E-08 5.55E-06
 
Chlordane NA 8.84E-05 -- 2.41E-06 5.00E-05 4.82E-02
 
4,4'-DDT 2.33E-08 2.35E-05 3.97E-10 6.40E-07 5.00E-04 7.95E-07 1.28E-03
 
trans-1,2-Dichloroethene NA 6.50E-04 -- 1.77E-05 1.00E-02 1.77E-03
 
Lead 1.73E-05 2.70E-04 2.94E-07 7.38E-06 6.00E-04 4.90E-04 1.23E-02
 
nPAHs (c) 1.19E-04 7.46E-04 2.03E-06 2.03E-05 4.10E-01 4.95E-06 4.96E-05
 
Pentachlorophenot NA 3.13E-06 -- 8.53E-08 3.00E-02 2.84E-06
 
Tetrachloroethene NA 1.96E-01 -- 5.35E-03 2.00E-02 2.67E-01
 
Toluene NA 1.26E-03 -- 3.44E-05 1.50E+00 -- 2.29E-05
 
1 ,1 ,1-Trichloroethane NA 7.88E-02 — 2.15E-03 3.00E-01 -- 7.16E-03
 

HAZARD INDEX (0.0005) (0.3)
 

NA = Not applicable; geometric mean not calculated with only one positive detection.
 
(a) Carcinogenic polynuclear aromatic hydrocarbons.
 
(b) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogem'c risk.
 
(c) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 
number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
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of adverse health effects .since the hazard indices, are be lov: 01 t fur both the
 

average- and plausible maximum exposure scenarios.
 

6.3.2.2 Property Under Future-Use Conditions
 

In the absence of institutional controls limiting access of future uses of the
 

Wildwood Conservation Corporation property, there are additional exposure
 

pathways that must be evaluated. It is possible that in the future,
 

construction activities or excavations for utilities would create the
 

potential for workers to be exposed to contaminated soils through dermal
 

contact and subsequent incidental ingestion as well as through inhalation.
 

This type of exposure would be short term compared with the scenario developed
 

in Section 6.3.2.1 for young adults using the property for recreational
 

purposes or the scenario developed below for future residents, and thus this
 

short term exposure scenario will not be quantified.
 

Direct contact with contaminated soil - future residents. If the Wildwood
 

Conservation Corporation property were redeveloped for residential purposes,
 

the potential exists for residents living on the property to be exposed to
 

contaminated soils and sludges during outdoor activities. Table 6-21
 

summarizes the average and plausible maximum exposure assumptions used in this
 

evaluation. These assumptions are derived from the same sources as mentioned
 

above for the current-use direct contact scenario, but differ in that they are
 

average lifetime exposures. Time-weighted averages for the amount of soil
 

ingested per exposure event, the dermal soil contact rate, and an individual's
 

body weight were calculated and used to quantitatively evaluate exposure of
 

onsite residents over a lifetime.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

soil ingestion and dermal absorption of cherrical contaminants can be
 

calculated. The formulae used are presented in Appendix C of this
 

endangerment assessment. The total GDI associated with direct contact with
 

soils is the sum of the GDIs from incidental ingestion and dermal absorption.
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TABLE. • > - '1
 

ASSUMPTIONS FUR USfc. IK RISK ASSESSMENT I-la: i, LkLuT CONTACT BY FUTURL RESIDENTS
 
WITH SOIL AND SLUDGES AT THE WILD'WOOD CONSERVATION CORPORATION PROPERTY
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight3
 

Incidental Ingestion Ratea
 

Percent Phthalates, PAHs,
 
PCBs, Pesticides Absorbed
 
from Ingested Soils
 

Percent Other Organic Compounds
 
Absorbed from Ingested Soils
 

Percent Inorganic Compounds
 
Absorbed from Ingested Soils
 

Soil Contact Rate3
 

Percent Phthalates, PAHs,
 
PCBs, Pesticides Absorbed
 
Dermally from Skin
 

Percent Other Organic Compounds
 
Absorbed Dermally from Skin
 

Percent Inorganic Compounds
 
Absorbed Dermally from Skin
 

Average Lifetime
 

Based on a lifetime average.
 

Average Exposure
 

100 day/yr
 

70 vr
 

70 kg
 

54 mg/day
 

15%
 

100",
 

100%
 

0.79 g/day
 

0.3%
 

Negligible
 

70 vears
 

Plausible
 
Maximum Exposure
 

168 day/yr
 

70 yr
 

70 kg
 

145 mg/day
 

45%
 

100%
 

100%
 

5.4 g/day
 

3%
 

10%
 

Negligible
 

70 years
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'laMe ''i -.' i > r - . < i  i :f 'he aver.-.e and p I auL:'" ' •, i i n x i i r u n CDIs. a.s ::<-}] ^s 'i.t
 

] o i i i ' t i < i i ( • .. i ' i i > ^ i ; ic and IT'•.K'<ti"'"iiio j,c ; i i c :' ".ks a.s.soc i a t t-c! with the sur* <n. <.
 

soil exposures. The upper bound lifetime excess cancer risks associated with
 

chemicals exhibiting potential carcinogenic effects are 7x10"' (i.e., seven in
 
o
 

ten million) for the average exposure case and 2x10 (i.e. , two in one
 

thousand) for the plausible maximum exposure case. Under the conditions of
 

the average case, exposure to the chemicals of potential concern exhibiting
 

noncarcinogenic effects appear to present a low probability of adverse health
 

effects since the ratio of the CDI:RfDs are below one. The hazard index for
 

the plausible maximum case exceeds one, primarily due to exposure to lead
 

whose CDT:RfD ratio exceeds one, suggesting that exposure may be associated
 

with adverse health effects.
 

The average and plausible maximum GDIs and the potential carcinogenic and
 

noncarcinogenic risks associated with exposure to the northern sludges are
 

summarized in Table 6-23. The upper bound lifetime excess cancer risks
 

associated with chemicals exhibiting potential carcinogenic effects are 8x10"°
 

(i.e., eight in one million) for the average exposure case and IxlO"-1 (i.e.,
 

one in one thousand) for the plausible maximum exposure case. Exposure to the
 

compounds exhibiting noncarcinogenic effect.', appear to present a low
 

probability of adverse health effects since the hazard index is below one for
 

the average case. For the plausible maximum case, the GDI:RfD ratio is
 

greater than one for chlordane and lead and hence the hazard index is greater
 

than one. It should be noted that exposure to these two chemicals will result
 

in different toxic endpoints. Exposure to lead will affect the central
 

nervous system (EPA 1986g) while exposure to clilordane ;;ill affect the liver
 

(Ambrose et al. 1953).
 

For the southern sludges, the upper bound lifetime excess cancer risks
 

associated with chemicals exhibiting potential carcinogenic effects are 2x10
 

(i.e., two in one million) and 4x10'̂  (i.e., four in ten thousand) for the
 

average and plausible maximum cases, respectively, as seen in Table 6-24.
 

Under the conditions of the average case, exposure to the chemicals of
 

potential concern exhibiting noncarcinogenic effects appear to present a low
 

probability of adverse health effects since the ratios of GDI:RfD are below
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one. Hov:t ver . under the plausible max in1'in. scenario, the hazard ir.cK-:-. i ::c* < ds
 

one; a hazard in do:-: greater than one suggest that exposure mav be associated
 

with adverse health effects. The CDI:RfD ratios of both lead and 4,4-DDT
 

exceed one. The toxic endpoints of these two compounds are different since
 

lead affects the central nervous system (EPA 1986g) and 4,4-DDT is a liver
 

toxicant (NIOSH 1978). Thus, exposure to these two chemicals may not be
 

additive.
 

Inhalation of Volatiles - future residents. In addition to direct contact
 

with contaminated soil and sludges, residents could be exposed to chemicals
 

volatilizing from the soils and sludges while they are outdoors. Table 6-25
 

summarizes the average and plausible maximum exposure assumptions used in this
 

evaluation. A time-weighted (lifetime) average inhalation rate for moderate
 

activity (EPA 1985c) was used to evaluate exposure. It should be noted that
 

these are conservative assumptions since the concentrations detected in the
 

soils are expected to decrease over time. This scenario also does not
 

consider inhalation exposure of volatiles which could migrate from outdoors
 

into the home. Thus, in terms of total potential exposure, this scenario may
 

underestimate exposure and risk.
 

The average and plausible maximum GDIs and potential risks associated with
 

exposure to surface soil via this pathway are summarized in Table 6-26. The
 

potential lifetime upper bound excess cancer risk is 3x10 (i.e., three in
 

ten million) for the average exposure case and 1x10 (i.e., one in ten
 

thousand) for the plausible maximum case. Exposure to the noncarcinogenic
 

compounds appears to represent a low probability of adverse health effects
 

based on the conditions of average and plausible maximum exposure, since the
 

hazard indices are less than one.
 

Table 6-27 presents the average and plausible maximum GDIs and the potential
 

carcinogenic and noncarcinogenic risks associated with exposure to volatiles
 

released from the northern sludges. The upper bound excess lifetime cancer
 

risk for the average exposure case is 1x10 (i.e. , one in ten million) and
 

for the plausible maximum case is 2x10 (i.e. , two in ten thousand). Under
 

the conditions of both the average and plausible maximum cases, exposure to
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TABLE 6-25
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR OUTDOOR INHALATION EXPOSURE
 
BY FUTURE RESIDENTS AT THE WILDWOOD CONSERVATION CORPORATION
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Inhalation Ratea
 

Average Weight
 

Average Lifetime
 

Based on a lifetime average.
 

Average Exposure
 

1 hr/day
 

100 d/yr
 

2.1 m3/hr
 

70 kg
 

70 yr
 

Plausible
 
Maximum Exposure
 

3 hr/day
 

168 d/yr
 

2.1 m3/hr
 

70 kg
 

70 yr
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TABLE 6-26
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINANTS RELEASED FROM SURFACE SOI
 
BY RESIDENTS AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY (a)
 

A. POTENTIAL CARCINOGENIC RISKS
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 
(mg/m3) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC MAX I MUM PLAUSIBLE FACTOR PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-l AVERAGE MAXIMUM
 

Bis(2-ethythexyl)phthalate 2.70E-10 6.21E-09 2.23E-12 2.58E-10 8.40E-03 1.9E-14 2.2E-12
 
Chlordane 2.27E-06 7.68E-04 1.87E-08 3.19E-05 1.30E+00 2.4E-08 4.1E-05
 
4,4'-DDT 1.45E-08 3.57E-07 1.20E-10 1.48E-08 3.40E-01 4.1E-11 5.0E-09
 
Methylene chloride 2.08E-03 6.30E-02 1.71E-05 2.62E-03 1.40E-02 2.4E-07 3.7E-05
 
cPAHs (b) 5.35E-11 2.96E-10 4.41E-13 1.23E-11 6.11E+00 2.7E-12 7.5E-11
 
PCBs (c) 1.52E-07 5.12E-05 1.25E-09 2.13E-06 7.70E+00 9.6E-09 1.6E-05
 
Tetrach loroethene 1.29E-04 3.47E-02 1.06E-06 1.44E-03 3.30E-03 3.5E-09 4.8E-06
 
Trichloroethene 1.74E-03 2.55E-01 1.43E-05 1.06E-02 4.60E-03 6.6E-08 4.9E-05
 

TOTAL 3E-07 1E-04
 

B. POTENTIAL NONCARCINOGENIC RISKS (d)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE RATIO OF CDI:RfD
 
(mg/m3) (mg/kg/d)
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Acetone 5.79E-04 8.54E-03 4.77E-06 3.55E-04 3.00E+00 1.59E-06 1.18E-04
 
Bis(2-ethylhexyl)phthalate 2.70E-10 6.21E-09 2.23E-12 2.58E-10 2.00E-02 1.11E-10 1.29E-08
 
Chlordane 2.27E-06 7.68E-04 1.87E-08 3.19E-05 5.00E-05 3.74E-04 6.38E-01
 
4,4'-DDT 1.45E-08 3.57E-07 1.20E-10 1.48E-08 5.00E-04 2.39E-07 2.97E-05
 
trans-1,2-Dichloroethene 1.68E-04 3.67E-03 1.39E-06 1.53E-04 1.00E-02 1.39E-04 1.53E-02
 
Methylene chloride 2.08E-03 6.30E-02 1.71E-05 2.62E-03 6.00E-02 2.86E-04 4.36E-02
 
nPAHs (e) 1.06E-04 5.71E-04 8.74E-07 2.37E-05 4.10E-01 2.13E-06 5.79E-05
 
Tetrach loroethene 1.29E-04 3.47E-02 1.06E-06 1.44E-03 2.00E-02 5.32E-05 7.21E-02
 
Toluene 3.17E-05 3.17E-04 2.61E-07 1.32E-05 1.50E+00 1.74E-07 8.78E-06
 

HAZARD INDEX (0.0009) (0.8)
 

(a) Exposure to the inorganic chemicals of potential concern is not evaluated here because they are not volatile.
 
(b) Carcinogenic polynuclear aromatic hydrocarbons.
 
(c) Polychlorinated biphenyls.
 
(d) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 
(e) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the size of the
 

A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
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TABLE 6-27
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINATED AIR RELEASED FROM NORTHERN SLUDGES
 
BY RESIDENTS AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY (a)
 

A. POTENTIAL CARCINOGENIC RISKS
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 
(mg/m3) (mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE PLAUSIBLE FACTOR PLAUSIBLE
 
COMPOUND AVERAGE MAXIMUM AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

Bis(2-ethythexyl)phthalate NA 1.08E-09 4.4BE-11 8.40E-03 3.8E-13
 
Chlordane 9.46E-06 1.16E-04 7.78E-08 4.81E-06 1.30E+00 1.0E-07 6.3E-06
 
Chloroform NA 5.43E-02 2.25E-03 8.10E-02 1.8E-04
 
4,4'-DDT NA 2.95E-07 1.22E-08 3.40E-01 4.2E-09
 
cPAHs (b) 3.00E-11 1.20E-10 2.47E-13 4.98E-12 6.11E+00 1.5E-12 3.0E-11
 

TOTAL 1E-07 2E-04
 

B. POTENTIAL NONCARCINOGENIC RISKS (C)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE RATIO OF CDI:RfD
 
(mg/m3) (mg/kg/d)
 

REFERENCE DOSE
 
PLAUSIBLE PLAUSIBLE RfD PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate NA 1.05E-04 36E-06 2.00E-02 2.2E-04
 
Chlordane 9.46E-06 1.16E-04 7.78E-08 81E-06 5.00E-05 1.6E-03 9.6E-02
 
Chloroform NA 5.43E-02 .25E-03 1.00E-02 -- 2.3E-01
 
4,4'-DDT NA 2.95E-07 1.22E-08 5.00E-04 -- 2.4E-05
 
nPAHs (d) 1.65E-03 6.16E-03 1.36E-05 2.56E-04 4:10E-01 3.3E-05 6.2E-04
 
Pentachlorophenol NA 2.91E-09 1.21E-10 3.00E-02 -- 4.0E-09
 
Phenol NA 4.44E-06 1.84E-07 2.00E-02 -- 9.2E-06
 
Xylenes NA 2.03E-02 8.42E-04 4.00E-01 - - 2.1E-03
 

HAZARD INDEX <1 co.002)
 

(a) Exposure to the inorganic chemicals of potential concern is not evaluated here because they are not volatile.
 
(b) Carcinogenic polynuclear aromatic hydrocarbons.
 
(c) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 
(d) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NA = Not applicable; average concentration not calculated with only one positive detection.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of Indicating decimal places, (i.e., the magnitude of the
 
number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
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tlu chc'iicals oL potential concern exhibit i: '• ;>.<.!>. arc: i.orc n i c eiftc' c, ^iv( •nl~
 

to prest.nt a low probaM litv of adverse h-alth effect.'• tir.ce the haiioi'd
 

indices are below one.
 

For the southern sludges, the upper bound excess lifetime cancer risks
 

associated with chemicals exhibiting potential carcinogenic effects are 1x10""
 

(i.e., one in one billion) and 1x10'̂  (i.e., one in one hundred thousand) for
 

the average and plausible maximum cases, as seen in Table 6-28. Under the
 

conditions of both the average and plausible maximum cases, exposure to the
 

chemicals of potential concern exhibiting noncarcinogenic effects appear to
 

present a low probability of adverse health effects since the hazard indices
 

are below one.
 

Ingestion of Groundwater - future residents. Under this future-use scenario,
 

it is assumed that there are no future remedial actions and institutional
 

actions limiting access to the use of the groundwater. Hence, individuals
 

could be exposed to groundwater contaminants by direct ingestion of tap water.
 

The average individual is assumed to weigh 70 kg and drink 2 liters of water
 

each day for 70 years (an average lifetime). Based on these assumptions, and
 

the existing chemical concentrations in tl.c groundvater , chronic daily intakes
 

were derived and are presented in Table 6-29. The risks associated with these
 

intake levels are also presented for chemicals potentially exhibiting
 

carcinogenic and noncarcinogenic effects.
 

The upper bound lifetime excess cancer risks associated with ingestion of
 

groundwater are 8x10 (i.e.. eight in ten. thousand) and 2x10 (i.e . . two in
 

ten; for the average and plausible maximum cases, respectively, primarily due
 

to tetrachloroethene and trichloroethene. The hazard index for the average
 

exposure scenario is less than one. Under the plausible maximum exposure
 

scenario, the CDIiRfD ratios for the individual chemi'cals of potential concern
 

are greater than one for all the chemicals of potential concern with the
 

exception of 1,2-dichlorobenzene, manganese and total xylenes. The hazard
 

index, as a result, exceeds one, primarily because of exposure to
 

tetrachloroethene. A hazard index greater than one suggests that exposure may
 

be associated with adverse health effects. Exposure to chloroform, trans 
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TABLE 6-28
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF CONTAMINATED AIR RELEASED FROM SOUTHERN SLUDGES
 
BY FUTURE RESIDENTS AT THE WILDWOOD CONSERVATION CORPORATION PROPERTY (a)
 

A. POTENTIAL CARCINOGENIC RISKS
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE LIFETIME UPPER BOUND 
(mg/m3) (mg/kg/d) EXCESS CANCER RISK 

rUICNUT 

PLAUSIBLE PLAUSIBLE FACTOR PLAUSIBLE 
COMPOUND AVERAGE MAXIMUM AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM 

Bis(2-ethylhexyl)phthalate 1.10E-10 1.21E-08 9.04E-13 1.59E-10 8.40E-03 7.6E-15 1.3E-12
 
Chlordane NA 8.79E-05 1.16E-06 1. .30E+00 1.5E-06
 
4, A' -DDT 5.89E-09 1.48E-05 4.84E-11 1.95E-07 3.40E-01 1.6E-11 6.6E-08
 
cPAHs (b) 3.00E-11 6.00E-11 2.47E-13 7.89E-13 6.11E+00 1.5E-12 4.8E-12
 
Tet rachI oroethene NA 1.96E-01 2.58E-03 3.30E-03 8.5E-06
 
Trichloroethene 3.72E-05 4.20E-02 3.06E-07 5.52E-04 4.60E-03 1.4E-09 2.5E-06
 

TOTAL 1E-09 IE-OS
 

B. POTENTIAL NONCARCINOGEN1C RISKS (c)
 

CONCENTRATION IN AIR CHRONIC DAILY INTAKE RATIO OF CDI:RfD
 
(mg/m3) (mg/kg/d)
 

KCt-tKtNLC UUSt
 

GEOMETRIC MAXIMUM PLAUSIBLE RfD PLAUSIBLE
 
COMPOUND MEAN AVERAGE MAXIMUM <mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate 1.10E-10 1.21E-08 9.04E-13 1.59E-10 2.00E-02 4.52E-11 7.96E-09
 
Chlordane NA 8.79E-05 1.16E-06 5.00E-05 2.31E-02
 
4,4'-DDT 5.89E-09 1.48E-05 4.84E-11 1.95E-07 5.00E-04 9.68E-08 3.89E-04
 
trans-1 ,2-Dichloroethene NA 6.50E-04 8.55E-06 l.OOE-02 8.55E-04
 
nPAHs (d) 1.19E-04 7.45E-04 9.78E-07 9.80E-06 4.10E-01 2.39E-06 2.39E-05
 
Pentachlorophenol NA 1.54E-07 2.03E-09 3.00E-02 6.75E-08
 
Tet rach I oroethene NA 1.96E-01 2.58E-03 2.00E-02 1.29E-01
 
Toluene NA 1.26E-03 1.66E-05 1.50E+00 1.10E-05
 
1,1,1-Trichloroethane NA 7.88E-02 1.04E-03 3.00E-01 3.45E-03
 

HAZARD INDEX (2E-06) (0.2)
 

(a) Exposure to the inorganic chemicals of potential concern is not evaluated here because they are not volatile.
 
(b) Carcinogenic polynuclear aromatic hydrocarbons.
 
(c) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 
(d) Noncarcinogenic polynuclear aromatic hydrocarbons.
 
NA = Not applicable; geometric mean not calculated with only one positive detection.
 
NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 
number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
 
(i.e., 2.4E-03 = 0.0024).
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TABLE 6 29
 

EXPOSURES AND RISKS ASSOCIATED U!TH iNGESTlON OF GROUNDWATER AT THE W1LDWOOD CONSERVATION CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM 

Chloroform 17.5 6000 5.00E-04 1.71E-01 8.10E-02 4.1E-05 1.4E-02 

Tetrachloroethene 7.6 58000 2.17E-04 1.66E+00 5.10E-02 1. IE-OS 8.1E-02 

Tnchloroethene 656 440000 1.87E-02 1.26E+01 1.10E-02 2.1E-04 1.3E-01 

Vinyl chloride 7.5 300 2.14E-04 8.57E 03 2.30E+00 4.9E-04 2.0E-02 

TOTAL - - - - - 8E-04 2E-01 

B. NONCARCINOGENIC EFFECTS (a) 

CHRONIC DAILY INTAKE 

CONCENTRATION (ug/L) (CD1) (mg/kg/d) RATIO OF CD I: RfD 

GEOMETRIC MAXIMUM PLAUSIBLE (RfD) PLAUSIBLE 

:OMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM 

Chloroform 17.5 6000 5.00E-04 1.71E-01 1.00E-02 5.0E-02 1.7E+01 
1 , 2-Dichlorobenzene 7.0 160 2.00E-04 4.57E-03 8.90E-02 2.2E-03 5.1E-02 

trans- 1,2-Dichloroethene 10.0 4510 2.86E-04 1.29E-01 1.00E-02 2.9E-02 1 .3E+01 

Manganese 470 2200 1.34E-02 6.29E-02 2.20E-01 6.1E-02 2.9E-01 

Tetrachloroethene 7.6 58000 2.17E-04 1.66E+00 2.00E-02 1.1E-02 8.3E+01 

1 , 1 , 1-Trichloroe thane 16.6 7800 4.74E-04 H.23E-01 9.00E-02 5.3E-03 2.5E+00 

Xylenes, total 19.1 14000 5.46E-04 4.00E 01 2.00E+00 2.7E-04 2.0E-01 

HAZARD INDEX - - - - - <1 (0.2) >1 (116) 

,a) Noncarcinogens and potential carcinogens with RfDs evaluated for noncarcinogemc ribk. 

NA = Not applicable; mean not calculated with only one positive detection 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude of the
 

number). A negative exponent indicates that the decimal should be moved the specified number of places to the left
 

(i.e., 2.4E-03 = 0.0024).
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1 .J . - cli t hloroe thene , tetrachl oroethene , and 1 . 1. 1 - trichloroe thane res.u] ts ii;
 

additive since these- four chemicals all produce liver damage.
 

To determine whether or not there would be any adverse health effects from
 

short-term exposure to the four chemicals of potential concern whose maximum
 

concentrations exceed their chronic RfDs, a comparison was made between the
 

detected concentration and short term health criteria. Only a chronic RfD is
 

available for chloroform, so it will not be discussed further. The maximum
 

concentration of trans-1.2-dichloroethene is below the one-day health advisory
 

for children of 20,000 ug/liter but exceeds the 10-day health advisory for
 

children of 1,430 ug/liter (EPA 1987h). The maximum concentration of
 

tetrachloroethene exceeds both the one and 10-day health advisories for
 

children which are both set at 2,000 ug/liter. The maximum concentration of
 

1,1,1-trichloroethane is below the one-day health advisory for children of
 

140,000 ug/liter and the 10-day health advisory for children of 35,000
 

ug/liter (EPA 1987J). Additionally, the maximum GDI is less than the oral
 

subchronic RfD of 0.9 mg/kg/d (EPA 1988c) .
 

Inhalation Of Contaminants While Showering. In addition to ingestion of
 

groundwater, inhalation of volatilized contaminants can occur while using the
 

water for nonconsumptive uses. The inorganic chemicals of potential concern
 

for the groundwater pathway are not expected to volatilize. As a result,
 

antimony, arsenic, barium, cadmium, and manganese are not evaluated for this
 

scenario.
 

Exposure to individuals while showering is quantified here. The shower model
 

of Foster and Chrostowski (1987), discussed in Appendix C, Section C.2, was
 

used to quantify exposure via this pathway. The potential health risks
 

associated with the estimated inhalation exposures while showering are
 

presented in Table 6-30. It should be noted that while the chronic daily
 

intake for exposure to volatile organic contaminants in groundwatei" via
 

ingestion and inhalation are comparable, as expected in the literature (Foster
 

and Chrostox^ski 1987, McKone 1987, EPA 1984i). the risks from this exposure
 

will vary due to differences in the potency factors.
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TABLE 6 30
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF VAPORS WHILE SHOWERING
 

WITH GROUNDWATER AT THE UILDWOOD CONSERVATION CORPORATION PROPERTY
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

Chloroform 3.91E-04 1.52E-01 8.10E-02 3.2E-05 1.2E-02
 

Tetrachloroethene 1.77E-04 1 .35E+00 3.30E-03 5.8E-07 4.5E-03
 

Tnchloroethene 1.65E-02 1.11E+01 4.60E-03 7.6E-05 5.1E-02
 

Vinyl chloride 2.51E-04 1.01E-02 2.95E-01 7.4E-05 3.0E-03
 

TOTAL 2E-04 7E-02
 

B. NONCARCIMOGEN 1C EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

(CD!) (mg/kg/d) RATIO OF CDl:RfD
 

Ktl-tKtNLt UUSt
 

PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Chloroform 3.91E-04 1.52E-01 1.00E-02 3.9E-02 1.5E+01
 

1 ,2-Dichlorobenzene 1.54E-04 3.57E-03 8.90E-02 1.7E-03 4.0E-02
 

trans-1 ,2-Dichloroethene 2.80E-04 1.26E-01 1.00E-02 2.8E-02 1.3E+01
 

Tetrachloroethene 1.77E 04 1.35E+00 2.QOE-02 B.9E-03 6 8E+01
 

1 , 1 ,1-Tnchloroethane 4.21E-04 1.98E-01 3.00E-01 1.4E-03 6.6E-01
 

Xylenes, total 5.18E-04 3.79E-01 4.00E-01 1.3E-03 9.5E-01
 

HAZARD INDEX (0.08) (96)
 

(a) Noncarcmogens and potential carcinogens with RfDs evaluated -for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should be moved
 

the specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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plausible iiMximun. rases were 2x10"^ (i.e.. two in ten thousand) and 7x10"'
 

(i.e., seven in one hundred), respectively. For chemicals exhibiting
 

noncarcinogenic effects, the individual CDI:RfD ratios for each compound under
 

the average conditions were below one as was the corresponding hazard index
 

indicating a low probability of adverse health effects. The hazard index for
 

the plausible maximum case was greater than one primarily due to exposure to
 

tetrachloroethene, chloroform, and trans-1.2-dichloroethene. A hazard index
 

greater than one suggests that exposure may be associated with adverse health
 

effects. Exposure to these chemicals can be considered to be additive since
 

tneir toxic endpoints are the same (i.e. , each affects the liver).
 

6.3.3 MULTIMEDIA EXPOSURES
 

Exposure via one of the pathways discussed above for the future-use scenarios
 

does not preclude exposures via other pathways. For example, residents of the
 

area may be exposed to contaminated soil and contaminated tap water. However,
 

exposure by one route generally dominates the exposure and risk calculations,
 

and by adding exposures from other routes is unlikely to have a substantial
 

effect on risks. For example, under the average future-use scenario, the
 

upper bound excess lifetime cancer risk associated with direct contact with
 

surface soil is 7x10 and with inhalation of volatiles released from the soil
 
Q
 

9x10 . The upper bound lifetime cancer risk associated with the inhalation
 

of vapors released while showering is 2xlO~ , and that associated with the
 
o
 

ingestion of groundwater is 1x10 . The sum of these four values is
 

approximately equal to the risk value associated with ingestion of groundwater
 

alone. Therefore, in this situation, the quantitative risk is determined by
 

only one type of exposure.
 

6.4 SUMMARY OF WILDWOOD CONSERVATION CORPORATION PROPERTY EVALUATION
 

This section of the Endangerment Assessment for the Wildwood Conservation
 

Corporation property is a baseline assessment, which evaluates potential
 

impacts to human health in the absence of further remedial actions under both
 

current- and future-use scenarios. Chemicals of potential concern were
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were acetone, bis(2-ethylhexyl)phthalate, cadmium, chlordane, chloroform,
 

chromium, 4,4'-DDT, trans-1.2-dichloroethene. lead, methylene chloride,
 

carcinogenic PAHs, noncarcinogenic PAHs, PCBs pentachlorophenol. phenol,
 

tetrachloroethene, toluene, 1,1,1-trichloroethane, trichloroethene, and
 

xylene. The groundwater chemicals of potential concern were chloroform,
 

trans-1.2-dichloroethene. 1,2-dichlorobenzene, manganese, tetrachloroethene,
 

1,1,1-trichloroethane, trichloroethene, vinyl chloride, and xylene.
 

Under current land-use conditions at the Wildwood Conservation Corporation
 

property, the principal exposure pathway bv which human receptors could
 

potentially be exposed to site contaminants was direct contact with surface
 

soils and sludges by young adults using the property for recreational uses and
 

inhalation of contaminated air released from these same sources. Average and
 

plausible maximum exposure scenarios were developed for this pathway. The
 

exposure point concentrations • of the chemicals of potential concern were
 

estimated for the potentially exposed population. Human health risks were
 

assessed based on these estimates of exposure and a quantitative description
 

of each compound's toxicity. The major coi'dnr, I ons can be summarized as
 

follows:
 

Exposure of young adults to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 7x10 for the average exposure case and
 
7x10'-' for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects b,,sed on the conditions of
 
average exposure, as the hazard index is less than one. Under
 
conditions of plausible maximum exposure, there is a probability of
 
adverse health effects as the hazard index exceeds one.
 

Exposure of young adults to northern sludges through dermal contact
 
and incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 8x10"' for the average exposure case and
 
5x10 for the plausible maximum exposure case. Exposure of young
 
adults to southern sludges through dermal contact and incidental
 
ingestion could result in potential excess upper bound lifetime cancer
 
risks of 2x10 for the average exposure case and 2x10 for the
 
plausible maximum exposure case. Exposure to the chemicals exhibiting
 
noncarcinogenic effects for both the northern and southern sludges
 

6-63
 



appears t o pr<.sci.t a low prohabiI itv of advt r? <.-• health effects ha'id
 
on the- c- oti 1 Li ons oi average exposure, as tlu hazard index Is less
 
than one. The hazard index exceeds one for plausible maximum exposure
 
to either the northern or southern sludges.
 

Exposure of young adults through the inhalation of dust and volatile
 
organics generated from surface soils while riding dirt bikes could
 
result in potential excess upper bound lifetime cancer risks of 1x10
 
and 3x10 for the average and plausible maximum exposure cases,
 
respectively. Exposure of young adults through the inhalation of dust
 
and volatile organics generated from northern sludges while riding
 
dirt bikes could result in potential excess upper bound lifetime
 
cancer risks of 5x10"' and 3x10"^ for the average and plausible
 
maximum exposure cases, respectively. Exposure of young adults
 
through the inhalation of dust and volatile organics generated from
 
southern sludges while riding dirt bikes could result in potential
 
excess upper bound lifetime cancer risks of 7x10 and 3x10 for the
 
average and plausible maximum exposure cases, respectively. There
 
appears to be a low probability of adverse health effects resulting
 
from noncarcinogenic exposure to air contamination generated from
 
surface soils, northern sludges, and southern sludges since the hazard
 
indices are less than or equal to one for the average and plausible
 
maximum exposure cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to uses of the groundv.Mt er were considered. The groundwater
 

uses included ingestion of groundwater and inhalation of volatile organic
 

chemicals released while showering. Average and plausible maximum exposure
 

scenarios were developed. The conclusions are as follows:
 

•	 Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 7x10"' for the average exposure case
 
and 2xlO~-^ for the plausible maximum exposure case. The hazard
 
indices for the average and plausible maximum cases were below one and
 
slightly greater than one, respectively. For the northern sludges,
 
the upper bound excess lifetime cancer risks from average and
 
plausible maximum exposures were 8x10 and 1x10 , respectively. The
 
upper bound excess lifetime cancer risks from exposure to the southern
 
sludges were 2x10 and 4x10 for the average and plausible maximum
 
cases, respectively. For both the northern and southern sludges,
 
under the conditions of the average case, the ratios of the CDI:RfD
 
are below one and the hazard index is below one. However, under the
 
plausible maximum scenarios, the hazard index exceeds one.
 

• Exposure of residents through the inhalation of volatile organic
 
compounds released from surface soils could result in upper bound
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maximum exposure condition.s. respectively. The- upper bound
 

exec ss cancer ri.sk from inhalation oi volatiles released form the
 
northern sludges are 1x10" for the average case and 2x10 for the
 
plausible maximum case. For the southern sludges, the upper bound
 
excess lifetime cancer risks for the average and plausible maximum
 
cases are 1x10 and 1x10 , respectively. The hazard indices for the
 
soil and sludges under the average and plausible maximum cases are
 
less than one.
 

Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 8x10 and 2x10 for the average and
 
plausible maximum cases, respectively. The hazard index was less than
 
1 for the average case and exceeded 1 for the plausible maximum case.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 2x10 and 7x10 potential upper bound excess
 
lifetime cancer risk for the average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for the average case
 
and exceeded one for the plausible maximum case.
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/.() CENTRAL AREA OF THE '-'ELLS C & H SITE
 

The central area of the Wells G & H site for the purposes of this report
 

encompasses the area surrounding the wells themselves as well as the wetlands
 

associated with the Aberjona river. For the purposes of this evaluation, any
 

section of the site which is not part of one of the other properties will be
 

discussed in this section of the endangerment assessment.
 

7.1 CHEMICALS OF POTENTIAL CONCERN
 

The basis for the selection of the chemicals of potential concern is outlined
 

in Appendix A of this document and is based upon the methodology presented in
 

the Superfund Public Health Evaluation Manual (EPA 1986a). The data used in
 

this evaluation resulted from site investigations conducted by NUS (1986) and
 

Ebasco (1988a) for U.S. EPA. The analytical chemistry data are tabulated in
 

Appendix E of this document.
 

7.1.1 SOIL
 

One surface soil sample was collected by Ebasco (1988a) from what appeared to
 

be a surface soil stain at the Rifle Range north of Well H (Figure 7-1). The
 

sample was obtained to evaluate the extent of soil contamination at this spot.
 

Table 7-1 summarizes the data. The two organic compounds detected in the soil
 

were chlordane and pyrene. Both were selected as chemicals of potential
 

concern. Pyrene, a noncarcinogenic PAH, may be present at this spot as a
 

result of its presence in oil that may have leaked from a car. Since only one
 

sample was taken, the presence of these compounds at this spot should not be
 

construed as representative of conditions at the central area.
 

The inorganic constituents detected within the central area were within
 

typical soil levels (i.e. , the concentration was less than twice the maximum
 

background concentration) (Table A-l, Appendix A) with the exception of
 

cadmium and lead. Thus, these two inorganics will be selected as chemicals of
 

potential concern for the central area.
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TABLE 7-1
 

COMPOUNDS DETECTED IN SURFACE SOILS AT THE CENTRAL
 
AREA OF THE WELLS G & H SITE
 

FREQ. OF DETECTED
 
COMPOUND DETECTION VALUE
 

ORGANICS (ug/kg)
 

SEMI-VOLATILES
 

PYRENE 1/1 2300
 

PESTICIDES/PCB'S
 

CHLORDANE 1/1 530
 

INORGANICS (mg/kg)
 

ALUMINUM 1/1 7020
 
ARSENIC 1/1 5.00
 
BARIUM 1/1 56.0
 
BERYLLIUM 1/1 0.50
 
CADMIUM 1/1 2.50
 
CALCIUM 1/1 3300
 
CHROMIUM 1/1 13.0
 
COPPER 1/1 29.0
 
IRON 1/1 8570
 
LEAD 1/1 161
 
MAGNESIUM 1/1 1600
 
MANGANESE 1/1 293
 
MERCURY 1/1 0. 12
 
NICKEL 1/1 13.0
 
POTASSIUM 1/1 758
 
SODIUM 1/1 109
 
VANADIUM 1/1 24.0
 
ZINC 1/1 85.0
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

ND = Not detected.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES
 
DURING THE QA/QC PROCESS THE NUMBER OF
 
SAMPLES USED TO CALCULATE A GEOMETRIC MEAN
 
WILL SOMETIMES BE LESS THAN THE TOTAL NUMBER
 
OF SAMPLES AS PRESENTED IN THE DENOMINATOR OF
 
THE FREQUENCY OF DETECTION.
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7 . 1 . <.'. UROUNDWATER
 

The 7 groundwater monitoring wells, S68, S83, S84, S85, S86, S87, and S89,
 

shown in Figure 7-2, were selected to represent conditions at Wells G & H
 

themselves and were used exclusively to select chemicals of potential concern.
 

The number of wells was limited in order to focus ,on conditions at the two
 

municipal wells. This provides information on the potability of any water
 

that could potentially be drawn from the wells at some time in the future. It
 

should be noted that when the municipal wells are used, these wells would draw
 

from a larger area and it is difficult to predict water quality. However, a
 

selection of wells around Wells G & H can be used to approximate risk. Both
 

1985 and 1987 data (NUS 1986, Ebasco 1988) were used. In those cases when the
 

compound was detected in 1985 but not in 1987, the compound was not selected
 

as a chemical of potential concern. It should be noted that the
 

concentrations of inorganic constituents measured in groundwater may reflect
 

total rather than dissolved concentrations since Ebasco (1988a) did not filter
 

their samples and NTJS (1986) may not have filtered their samples.
 

Fourteen organic compounds were detected in the central area groundwater as
 

seen in Table 7-2. The most frequently detected were tetrachloroethene and
 

trichloroethene." trans-1.2-Dichloroethene and 1,1,1-trichloroethane were the
 

next most frequently detected compounds. These four organic chemicals were
 

selected as chemicals of potential concern for the central area groundwater.
 

Of the other compounds detected, most were detected in less than 5% of the
 

samples and at low levels, generally below 5 ug/liter. Thus, none of these
 

compounds were selected as chemicals of potential concern.
 

The inorganic constituents measured in the central area groundwater not
 

considered to be chemicals of potential concern fell into three groups: for
 

the most part they were either below typical groundwater levels (Table A-2,
 

Appendix A), greater than the typical levels but were essential nutrients and
 

were detected less than 10 times the typical level, or they were detected in
 

7-8% or less of the samples. (The 7-8% frequency cut off was used here
 

because it represented a positive detection in only one sample.) Those
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TABLE 7-2
 
COMPOUNDS DETECTED IN GROUNDWATER FOR rhE CENTRAL AREA
 

OF THE WELLS G & H SITE
 

COMPOUND
 

ORGAN ICS (ug/liter)
 

BIS(2-ETHYLHEXYL) PHTHALATE

CHLOROBENZENE

CHLOROFORM

1,2-DICHLOROBENZENE

1,1-DICHLOROETHANE

1,1-DICHLOROETHENE

PHENOL

TRANS-1,2-DICHLOROETHENE

TETRACHLOROETHENE

TOLUENE

TOTAL-XYLENE

1,1,1-TRlCHLOROETHANE

TR1CHLOROETHENE


INORGANICS (ug/liter)
 

ALUMINUM
 
ARSENIC
 
BARIUM
 
BERYLLIUM
 
CADMIUM
 
CALCIUM
 
CHROMIUM
 
COBALT
 
COPPER
 
IRON
 
LEAD
 
MAGNESIUM
 
MANGANESE
 
NICKEL
 
POTASSIUM
 
RADIONUCL1DES (a)
 

Radium 226 and 228
 
gross Alpha
 
gross Beta
 
Uranium
 

SILVER
 
SODIUM
 
TIN
 
VANADIUM
 
ZINC
 

FREQ. OF

DETECTION


 3/17

 1/33


 1/1

 1/18


 1/1

 1/33


 1/18

 21/30


 29/29

 2/2


 1/33

 14/30


 30/32


3/12
 
1/12
 
3/12
 
1/14
 
1/14
 
5/14
 
3/14
 
2/14
 
2/13
 
2/12
 
1/12
 
5/14
 
5/14
 
1/12
 
5/14
 

5/5
 
5/5
 
5/5
 
5/5
 

2/14
 
5/14
 
1/14
 
5/14
 
3/12
 

 GEOMETRIC
 
 MEAN MAXIMUM
 

 5.88	 79.0
 
 NA 2.80
 
 NA 13.0
 
 NA 5.00
 
 NA 2.00
 
 NA 2.70
 
 NA 5.00
 
 8.94 80.0
 
 26.8 180
 
 3.46	 4.00
 
 NA 5.00
 
 6.12 1700
 
 17.9 140
 

183 5800
 
NA 20
 

93.4	 210
 
NA 2.50
 
NA 5.90
 

7010 75000
 
4.80 20.0
 
14.3 25.0
 
15.0	 49.0
 
106 7400
 
NA 58.0
 

4390 16300
 
22.8 1100
 

NA 36.0
 
2913 8770
 

2.2	 14
 
26 350
 
30 180
 
3.6 6
 

4.33 5.00
 
5927	 30500
 

NA 20.0
 
19.8 27.0
 
16.5 104
 

NA = Not applicable; mean not calculated with only
 
one positive detection.
 

(a) Units for the radionucI ides are pCi/liter except for
 
uranium data which have units of ug/liter.
 

#NOTE# DUE TO THE OCCASIONAL REJECTION OF SAMPLES DURING
 
THE QA/QC PROCESS THE NUMBER OF SAMPLES USED TO
 
CALCULATE A GEOMETRIC MEAN WILL SOMETIMES BE LESS
 
THAN THE TOTAL NUMBER OF SAMPLES AS PRESENTED IN
 
THE DENOMINATOR FO THE FREQUENCY OF DETECTION.
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constituents not rejected for the above Bosons v;ere aluminum, barium, and
 

.silver. Of these compounds, aluminum was, i.ot .r>t*~l ectc-d as; .1 chc-mic<il of
 

potential concern due to insufficient toxicity information; in addition,
 

aluminum was detected once at a level approximately equal to the 10-day
 

suggested no adverse reaction level of 5.000 ug/liter (NAS 1982), although
 

this comparison is not appropriate for chronic exposures. The maximum
 

aluminum concentration suggests that aluminum may be present in the
 

particulate phase or complexed to naturally occurring organic acids rather
 

than as a dissolved ion (Hem 1985) . Silver was not selected as a chemical of
 

potential concern after a comparison to other groundwater samples taken from
 

within the study area which revealed that silver was present at similar, low
 

(<10 ug/liter) levels throughout the site. Thus, barium was selected as the
 

inorganic chemical of potential concern for groundwater. It should be noted
 

that the maximum sodium concentrations exceeded the Massachusetts advising
 

level of 20,000 ug/liter for persons on salt restricted diets.
 

Five wells (S72S, S81S, S84S, S77S, and S22) from the central area were
 

analyzed for radionuclides. With the exception of levels in Well S22, all
 

radionuclide concentrations were below MCLs. It should be noted that Well S22
 

is a bedrock well and these levels may reflect naturally occurring conditions.
 

The radionuclides were selected as chemicals of potential concern.
 

7.1.3 SURFACE WATER AND SEDIMENTS
 

The surface water bodies at the Wells G & H site are not known to be used by
 

humans for swimming and fishing. In addition, there are no known users of
 

river water from the site for drinking water purposes downstream of the site.
 

The Aberjona River does, however, eventually flow into the Mystic Lakes which
 

are used for recreational purposes. Although it is highly unlikely, exposure
 

to humans to the surface water and sediment a will be evaluated. Exposure to
 

environmental receptors and selection of chemicals of potential concern for
 

these receptors will be evaluated in Section 8.
 

Figures 7-3 and 7-4 shows the sampling locations for the surface water and
 

sediments taken in the Aberjona river and the adjacent wetlands. One sample
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taken in 1987, SW-01, and SW-06, taken in 198";, were located upstreair. of the
 

study area and were used as background samples. Sampling locations SV-08. SW

09, and SW-10 were taken downstream of the site. The other samples were
 

grouped together to evaluate potential on-site contamination.
 

The surface water data (upstream, 'downstream, and at the site) are presented
 

in Table 7-3. Six volatile organic chemicals were detected in the surface
 

water at the site. Of these, 1,1-dichloroethane and 1,1,1-trichloroethane,
 

were detected at or below levels detected in the upstream samples. Hence,
 

they were not selected as chemicals of potential concern. Toluene was not
 

selected since it was detected at very low levels (1 ug/liter for the
 

maximum). trans-1.2-Dichloroethene, tetrachloroethene, and trichloroethene
 

were selected as chemicals of potential concern. Four phthalate esters were
 

detected in the surface water. Bis(2-ethylhexyl)phthalate was selected as the
 

chemical of potential concern to represent this class of compounds.
 

Chloroform was not selected as a chemical of potential concern since it was
 

only detected in one downstream sample.
 

The inorganic constituent concentrations were also compared to upstream water
 

concentrations. Arsenic, barium, calcium, copper, magnesium, manganese,
 

potassium, sodium, and zinc were found to be at levels approximately equal to
 

or below upstream concentrations and hence were excluded from further
 

consideration. Beryllium, cadmium, and silver were not selected as chemicals
 

of potential concern since the were only detected once in the onsite stream
 

samples and not in the upstream or downstream samples. Additionally, their
 

concentrations were similar to groundwater background concentrations so that
 

it is likely that their presence is due to natural sources. Aluminum was not
 

selected as a chemical of potential concern due to limited toxicity
 

information and since it was detected below the NAS (1982) 10-day no adverse
 

reaction level of 5,000 ug/liter. Iron was not selected as a chemical of
 

potential concern since it is an essential nutrient. The inorganic chemical
 

of potential concern for surface water is lead because both the geometric mean
 

and maximum concentrations exceed the upstream concentration.
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Several of the volatile organic compounds detected in the upstream sediments
 

were also detected at and downstream of the site as seen in Table 1-k.
 

Acetone, 2-butanone, and methylene chloride were detected at higher
 

concentrations at the site than upstream. Acetone and methylene chloride were
 

selected as chemicals of potential concern 2-Butanone was not selected since
 

it belongs to the same class of compounds as acetone. The other x'olatile
 

organics were detected at concentrations less than 5 ug/kg and are likely to
 

be present in the sediment pore water rather than on the sediments themselves
 

since they do not have a tendency to adsorbed into soils or sediments. Based
 

on the low levels detected and their physico-chemical properties, benzene,
 

1,1-dichloroethane, trans-1,2-dichloroethene , toluene, 1,1,1-trichloroethane,
 

trichloroethene, and vinyl chloride were not selected as chemicals of
 

potential concern.
 

The semivolatiles (base/neutral extractables) and pesticides have a greater
 

tendency to adsorb to sediment particles than do the volatile organics. This
 

tendency is seen in the relatively higher concentrations of these compounds
 

than the volatile organics. A comparison to the upstream samples indicates
 

that higher levels are detected on-site. The downstream samples have higher
 

PAH concentrations which may be the result of a second source or transport of
 

sediment from the site downstream. Bis(2-ethylhexyl)phthalate was selected as
 

a chemical of concern representing the phthalate compounds. Both the
 

potentially carcinogenic and noncarcinogenic PAH compounds were also selected
 

as chemicals of potential concern. Aldrin was the only pesticide detected in
 

the on-site sediments. Hence, it was selected as a chemical of potential
 

concern.
 

The inorganic sediment concentrations were compared with regional soil
 

background concentrations (Table A-l. Appendix A) as well as with upstream
 

concentrations. Arsenic, cadmium, chromium, copper, mercury, selenium,
 

vanadium, and zinc were detected at levels which exceeded the criteria used to
 

select inorganic chemicals of potential concern (as discussed in Appendix A).
 

Of these compounds, selenium was not selected as a chemical of concern since
 

it was detected only once, and vanadium was not selected due to its low
 

toxicity.
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Table 7-5 summarizes the chemicals of potential concern for the central area
 

of the Wells G & H site. The soil chemicals of potential concern are cadmium,
 

chlordane, lead and pyrene. The chemicals of potential concern for the
 

groundwater are barium, trans-1.2-dichloroethene, the radionuclides (gross
 

alpha particles, gross beta particles, radium, and uranium), tetrachloro

ethene, 1,1,1 -trichloroethane, and trichloroethene. The chemicals of
 

potential concern for the surface water are bis(2-ethylhexyl)phthalate, trans 

1,2-dichloroethene, lead, tetrachloroethene, and trichloroethene. Acetone,
 

aldrin, arsenic, bis(2-ethylhexyl)phthalate, cadmium, chromium, copper,
 

methylene chloride, mercury, the carcinogenic and noncarcinogenic PAHs and
 

zinc are the chemicals of potential concern for the sediments.
 

7.2 EXPOSURE ASSESSMENT
 

7.2.1 CENTRAL AREA UNDER CURRENT-USE CONDITIONS
 

Under current-use conditions, the complete exposure pathways are related to
 

all environmental media (i.e. , groundx^ater, soil, surface water, and sediment
 

exposures). These pathways will be discussed below. Groundwater is not
 

currently used as a drinking water source. It is, however, used by the Riley
 

Tannery for their production processes.
 

Groundwater, drawn from Well S-47 in Figure 7-1, is used in the production
 

process at the Riley Tannery. The Riley Tannery is not located within the
 

Wells G & H site, although their production well is located at the site.
 

Water is stored in vessels or drums at the tannery. There are 21 vessels with
 

a 12 ft. diameter, 14 drums with a 20 ft. diameter, and 7 drums with a 8 ft.
 

diameter. A surface water volatilization model, outlined in Appendix C, was
 

used to estimate indoor air concentrations. Table 7-6 summarizes the results
 

of the model.
 

The rifle range north of Well H is used for recreational purposes. A soil
 

sample was collected from what appeared to be a surface soil stain. Exposure
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TABLE 7-5
 

CHEMICALS OF POTENTIAL CONCERN FOR THE CENTRAL AREA
 

OF THE WELLS 6 & H SITE
 

SOIL GROUNDWATER SURFACE WATER SEDIMENTS 

Cadmium Aldrin Bis(2-ethylhexyl)phthalate Acetone 

Chlordane Barium trans-1.2-Dichloroethene Arsenic 

Lead trans-1 ,2-Dichloroethene Lead Bis(2-ethylhexyl) -

Pyrene Radionuclides' Tetrachloroethene phthalate 

Tetrachlorethene Trichloroethene Cadmium 

1,1, 1-Tnchloroethane Chromium 

Trichloroethene Copper 

Iron 

Lead 

Mercury 

Methylene chloride 

Nickel 

cPAHsb 

nPAHsc 

Zinc 

aRadionuclides are gross alpha particles, gross beta particles, radium, and uranium. 

Carcinogenic polynuclear aromatic hydrocarbons. 

°Noncarcinogenic polynuclear aromatic hydrocarbons. 
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TABLE 7-6
 

CONCENTRATION OF CHEMICALS OF POTENTIAL CONCERN IN PROCESS WATER
 
AND INDOOR AIR AT THE RILEY TANNERY USING CENTRAL AREA GROUNDWATER
 

Water Concentration Air Concentration
 
(ug/liter) (rag/m)3
 

Geometric
 
Compound Mean Maximum Average Maximum
 

trans-1,2- Dichloroethene 8.05 259 3.88xlO"3 1.35xlO~2
 

Tetrachloroethene 5.48 12.0 2.07xlO'3 4.53xlO"3
 

1,1,1-Trichloroethane 7.97 25.4 3.38xlO"3 l.lOxlO"2
 

Trichloroethene 23.4 220 9.80xlO'3 9.19xlO"2
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e., 2.4E-03 = 0.0024).
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of Individuals to this spot is evaluated to determine whether or not the
 

levels of contaminants present, at this location poses a threat to human health
 

and this spot should be remediated. Individuals using this area could be
 

exposed to contaminated soil via dermal absorption from or incidental
 

ingestion of soil. It is assumed that for the average case scenario, an
 

individual will be at this location five days a week for five months a year,
 

(i.e., 100 visits a year) for ten years. For the plausible maximum exposure
 

scenario, an individual will be in this location seven days a week for six
 

months a year or 168 visits a year for thirty years. The soil concentrations
 

an individual could be exposed to are summarized in Table 7-7.
 

The Aberjona River may be used for recreational purposes such as wading or
 

trapping. Occasional contact can occur. A trapper is known to set water
 

traps and children may wade in the water. Thus, exposure to humans using the
 

river will be evaluated in this assessment. The exposure point concentrations
 

are summarized in Table 7-8.
 

The Aberjona River and wetlands are used by wildlife in the area. The
 

wetlands assessment (Alliance 1987) describes the habitat and wildlife found
 

within the Wells G & H study area. In brief, the wetlands at the Wells G & H
 

site provide a habitat for a variety of mammals, birds, amphibians, and
 

reptiles. It is probable that all are exposed to the contaminated surface
 

water and sediments. Section 8.0 will provide a more detailed description of
 

exposure to environmental receptors.
 

7.2.2 PROPERTY UNDER FUTURE-USE CONDITIONS
 

In the absence of institutional controls limiting access of future uses of the
 

central area of the Wells G & H study area, there are several exposure
 

pathways which must be considered. If the central area were developed,
 

construction activities or excavations for utilities would create the
 

potential for workers to be exposed to contaminated soils. This exposure
 

scenario will not be evaluated because only one soil sample was collected
 

during the 1987 sampling effort (Ebasco 1988a). Since it is not known whether
 

or not this sample is representative of this area, only exposure under current
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TABLE 7-7
 

SOIL CONCENTRATIONS OF THE CHEMICALS OF POTENTIAL CONCERN
 
FOR THE CENTRAL AREA
 

COMPOUND SOIL -CONCENTRATION (mg/kg)
 

Cadmium 2. 50
 

Chlordane 0.53
 

Pyrene 2.30
 

Lead 161
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TABLE 7-8
 

SURFACE WATER AND SEDIMENT CONCENTRATIONS OF CHEMICALS OF CONCERN
 

COMPOUND
 

Surface Water (ug/liter)
 

Bis(2 -e thyIhexyl)phthalate
 
trans-1,2-Dichloroethene
 
Lead
 
Tetrachloroethene
 
Trichloroethene
 

Sediments (mg/kg)
 

Acetone
 
Aldrin
 
Arsenic
 
Bis(2-ethylhexyl)phthalate
 
Cadmium
 
Chromium
 
Copper
 
Iron
 
Lead
 
Mercury
 
Methylene Chloride
 
Nickel
 
cPAHsa
 

nPAHsb
 

Zinc
 

FOR THE CENTRAL AREA
 

CONCENTRATION
 

GEOMETRIC MEAN


NA
 
4.18
 
3.56
 
2.59
 
2.71
 

0. .16
 
0. 016
 

180
 
0. 53
 
2. ,17
 

104
 
154
 

19000
 
26. ,0
 
0. ,66
 
0. .10
 
13, .1
 
5. .44
 
2, .76
 

739
 

 MAXIMUM
 

100
 
22.0
 
11.0
 
4.00
 
26.0
 

0.39
 
0.084
 

4650
 
1.34
 
16 .2
 

1250
 
3010
 

108000
 
120
 
29 .9
 
0.15
 
52 .6
 
10 .7
 
11 .3
 

6000
 

aCarcinogenic polynuclear aromatic hydrocarbons
 
"Noncarcinogenic polynuclear aromatic hydrocarbons
 
NA = Not applicable; mean not calculated with only one positive detection.
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conditions (as discussed earlier in this chapter) will be evaluated. Future
 

development of the area may result in increased contact with sediments and
 

surface water as compared with the current-use scenario. However, this
 

scenario will not be evaluated further since the frequency of contact would
 

increase the exposure and subsequent risk only slightly (perhaps by a factor
 

of 2 at most).
 

It is possible that in the future, this area will be developed for residential
 

purposes. Should this occur, the potential exists for residents to install a
 

drinking water well in the groundwater. Thus, one exposure scenario would
 

involve the ingestion of groundwater. Table 7-9 summarizes the groundwater
 

data used in the ingestion of groundwater exposure scenario. Should this
 

water be used in a residential setting, exposures could occur via inhalation
 

and dermal contact from bathing or showering, washing clothes, cooking,
 

washing dishes, and any other household activities which involve the use of
 

water. In this endangerment assessment, exposure via ingestion and dermal
 

contact and inhalation while showering will be quantified. The assumptions
 

used in estimating exposures are summarized in Section C.2 of Appendix C.
 

The groundwater concentrations of the chemicals of potential concern
 

summarized in Table 7-9 were used to estimate the concentrations that might be
 

expected to occur while showering. Exposure to arsenic and barium via this
 

pathway is not evaluated because they are nonvolatile chemicals of potential
 

concern. Using a theoretical exposure model, outlined in Section C.2 of
 

Appendix C (Foster and Chrostowski 1986, 1987), the transfer of volatile
 

organic compounds from shower droplets into the air and their subsequent
 

inhalation were estimated. Based on this exposure model, the potential
 

inhalation exposures to the groundwater contaminants which could volatilize
 

were quantified. The model does not estimate dermal absorption of
 

contaminants while showering. However, given the exposure scenario and the
 

physical and chemical properties of the organic compounds considered in this
 

assessment, dermal absorption is likely to result in minimal exposure as
 

compared to exposure via inhalation. The model estimates the intake level (in
 

mg/kg/day), rather than the ambient air concentrations that might be expected
 

while showering.
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TABLE 7-9
 

GROUNDWATER CHEMICALS OF POTENTIAL CONCERN
 
FOR THE CENTRAL AREA OF THE WELLS G & H SITE
 

(ug/liter)
 

CONCENTRATION
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

Barium
 

trans-1,2-Dichloroethene
 

Radionuclides (pCi/liter)
 

Gross alpha particles
 

Gross beta particles
 

Radium 226 & 228
 

Uranium
 

Tetrachloroethene
 

1,1,1-Trichloroethane
 

Trichloroethene
 

93.4
 

8.3
 

26
 

30
 

2.2
 

2.4
 

24.0
 

4.8
 

16.7
 

210
 

80
 

350
 

180
 

14
 

4
 

180
 

1700
 

140
 

7-22
 



These values are presented in Table 7-10 tor the geometric mean and maxiir'ur
 

concentrations of the contaminants in groundwater.
 

Exposure to environmental receptors would remain the same and hence, will not
 

be reevaluated under the future-use exposure scenarios. This exposure will be
 

evaluated in Section 8.0 of this report.
 

7.3 RISK ASSESSMENT
 

According to guidelines for preparing risk assessments as part of the RI/FS
 

process (EPA 1986a), the potential adverse effects on human health should
 

first be assessed where possible by comparing chemical concentrations found in
 

environmental media at or near the site with applicable or relevant and
 

appropriate requirements (ARARs) or other guidance that has been developed for
 

the protection of human health or the environment. If ARARs are not available
 

for all chemicals and exposures considered, quantitative risk estimates must
 

be developed in addition to the comparison to ARARs. This section will
 

present a comparison of exposure point concentrations to the applicable or
 

relevant and appropriate requirements (ARARs) as well as a quantitative risk
 

assessment.
 

7.3.1	 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS OR
 
OTHER CRITERIA
 

In this section, the concentrations of chemicals of potential concern in
 

groundwater at the central area of the Wells G & H site are compared to ARARs
 

and other criteria. Table 7-11 presents this comparison, and as can be seen
 

from the table, the geometric mean and maximum concentrations of
 

trichloroethene exceeds its MCL. Barium was detected at concentrations below
 

the MCL. The geometric mean and maximum concentrations of gross alpha
 

particles and radium exceeded the MCLs. The maximum gross beta particle
 

concentration exceeds the MCL while the geometric mean concentration is below
 

the MCL. It should be noted that four of the five wells sampled for
 

radionuclides had concentrations below the MCLs.
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TABLE 7-10
 

INTAKE OF CHEMICALS OF POTENTIAL CONCERN RELEASED TO THE AIR WHILE
 
SHOWERING WITH GROUNDWATER FROM THE CENTRAL AREA
 

INTAKE (mg/kg/day)
 

COMPOUND GEOMETRIC MEAN MAXIMUM
 

-4 -3
 
trans -1.2-Dichloroethene 2.32x10 2.24x10
 

-4 -3
 
Tetrachloroethene 5.58x10 4.19x10
 

-4 -2
 
1,1,1-Trichloroethane 1.22x10 4.31x10
 

-4 -3
 
Trichloroethene 4.20x10 3.52x10
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative
 
exponent indicates that the decimal should be moved the specified
 
number of places to the left (i.e.. 2.4E-03 = 0.0024).
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TABLE 7-11
 

COMPARISON OF CHEMICALS OF POTENTIAL CONCERN IN THE GROUNDWATER AT THE
 
CENTRAL AREA OF THE WELLS G & H SITE WITH ARARS AND OTHER GUIDANCE LEVELS
 

(mg/liter)
 

Concentration
 
ARAR 

Geometric Maximum Massachusetts 
Compound Mean MCL Drinking Water Standard 

Barium 0.0934 0.2100 1.0 1.0
 

trans-1 ,2-Dichloroethene 0.0083 0.0800 -- 0.07 (a,b)
 

Radionuclides (pCi/l)

Gross alpha particles (c) 26 350 15 15
 
Gross beta particles 30 180 50 4 mr em/ year
 
Radium- 226 or -228 22 14 5
 
Uranium (mg/l) 0.0036 0.006
 

Tet rach I oroethene 0.0240 0.1800 -- 0.005
 

1,1,1 -Trichloroethane 0.0048 1.7000 0.20 0.20
 

Trich I oroethene 0.0167 0.0140 0.005 0.005
 

-- = Not available.
 
(a) Proposed.
 
(b) Shall not exceed health advisories which have been adopted by the Massachusetts
 

Division of Water Pollution Control and/or the EPA. For groundwater, this
 
would equate to the Clean Water Act criteria for human health (drinking water
 
only) or the Safe Drinking Water Act Maximum Concentration Limit Goals, whichever
 
is more stringent.


(c) The MCL for gross alpha particles includes radium-226 but excludes radon and uranium.
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Tlu iiii.vimun i 01 centratioi. ot 1. 1 , 1 -1 r ichl orot t htiiic exceeds its MCL. The
 

maximum concentration of trans-1.2-dichloroethene exceeds its Massachusetts
 

drinking water standard. The geometric mean and maximum concentrations of
 

tetrachloroethene exceed its Massachusetts drinking water standard.
 

7.3.2 QUANTITATIVE RISK CHARACTERIZATION
 

To quantitatively assess the risks to human health associated with the future 

use exposure scenarios considered in this assessment, the concentrations of
 

chemicals in relevant environmental media (exposure point concentrations)
 

presented in Section 7.2 are converted to chronic daily intakes (GDIs). GDIs
 

are the amount of a substance taken into the body per unit bodv weight per
 

unit time, expressed in units of mg/kg/day. A GDI is averaged over a lifetime
 

for carcinogens (EPA 1986b) and over the exposure period for noncarcinogens
 

(EPA 1986c).
 

Section 1.4.4 summarized the methodology "licit will be used in this section.
 

In this section of the risk assessment, the intakes of chemicals of potential
 

concern by potentially exposed populations are first calculated. To determine
 

these intakes, assumptions are made concerning chemical concentrations,
 

exposed populations, and exposure conditions such as frequency and duration of
 

exposure. For each exposure scenario evaluated, two exposure cases--an
 

average case and plausible maximum case--are considered. For the average
 

exposure case, geometric mean concentrations are used together with what are
 

considered to be the most likely (although, conservative) exposure conditions
 

For the plausible maximum case, the highest measured concentrations are used
 

together with high estimates of the range of potential exposure parameters
 

relating to the frequency/duration of exposure and quantity of contaminated
 

media contacted. It should be noted that the exposure scenarios assumed for
 

the plausible maximum case, while considered possible, are likely to apply, if
 

at all, to only a very small segment of the potentially exposed populations.
 

Chronic daily intakes, excess lifetime cancer risks, and CDI:RfD ratios for
 

the site-related chemicals considered in this assessment, as well as the
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assuinpt lorn and prm edures used to calculate those values, are shown below for
 

each scenario evaluated.
 

As was discussed in Section 7.2.1, there are no human exposure pathways that
 

are currently complete. In the absence of future remedial actions and
 

institutional actions limiting access to the property for redevelopment,
 

individuals could be exposed to groundwater. Exposure to groundwater could
 

involve ingestion or inhalation of volatilized contaminants while using the
 

water for nonconsumptive uses.
 

7.3.2.1 Property Under Current-Use Conditions
 

Inhalation of Volatiles Released During Process Related Activities. The Riley
 

Tannery has a production well in the central area of the Wells G & H site
 

which draws water that is used in the tanning process ar the facility. The
 

groundwater is drawn and placed in tanks which are used at the facility.
 

Indoor air concentrations were derived in Section 7.2.1 assuming that the
 

levels of the chemicals of concern detected in Well S46 in 1985 and Well S47
 

in 1987 apply to water presently drawn.
 

The assumption used in the evaluation are summarized in Table 7-12. It is
 

assumed that an individual works in the facility eight hours a day, five days
 

each week, for 50 weeks a year. The individual works at this facility for 10
 

years and 20 years under average and plausible maximum exposure scenarios,
 

respectively. Using the assumptions, chronic daily intake (GDI) estimates for
 

Inhalation of volatiles by workers at the facility can he calculated. The
 

formulae used are presented in Section C.4 of Appendix C of this endangerment
 

assessment. Table 7-13 presents the average and plausible maximum GDIs and
 

the potential carcinogenic and noncarcinogenic risks associated with these
 

exposures.
 

The upper bound lifetime excess cancer risks associated with chemicals
 

exhibiting potential carcinogenic effects are 2x10 (i.e., two in one
 

million) and 3x10"^ (i.e., three in one hundred thousand) for the average and
 

plausible maximum exposure cases, respectively. Exposure to the chemicals
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TABLE 7-12
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR INDOOR AIR EXPOSURE BY WORKERS
 
AT THE RILEY TANNERY USING WATER FROM THE CENTRAL AREA
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Weight
 

Inhalation Rate
 

Average Lifetime
 

Average Exposure
 

8 hr/day for
 
50 weeks/yr
 

10 yr
 

70 kg
 

2.6 m3/hr
 

70 yr
 

Plausible
 
Maximum Exposure
 

8 hr/day for
 
50 weeks/yr
 

20 yr
 

70 kg
 

2.6 m3/hr
 

70 yr
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TABLE 7-13
 

EXPOSURE AND RISKS ASSOCIATED UITH THE INHALATION OF VOLATILE ORGANIC COMPOUNDS RELEASED
 

DURING INDUSTRIAL PROCESSES AT THE RILEY TANNERY USING CENTRAL AREA WATER
 

A. POTENTIAL CARCINOGENIC RISKS
 

CHRONIC DAILY INTAKE 

70-kg ADULT PRORATED 

CONCENTRATION IN AIR OVER A 70-YEAR LIFETIME LIFETIME UPPER BOUND 

(mg/m3) (mg/kg/d) EXCESS CANCER RISK 

GEOMETRIC MAXIMUM AVERAGE PLAUSIBLE FACTOR AVERAGE PLAUSIBLE 

COMPOUND MEAN MAXIMUM (mg/kg/d)-1 MAXIMUM 

Tetrachloroethene 2.07E-03 4.53E-03 6.02E-05 2.63E-04 3.30E-03 2.0E-07 8.7E-07 

Trichloroethene 9.80E-03 9.19E-02 2.85E-04 5.34E-03 4.60E-03 1.3E-06 2.5E-05 

TOTAL 2E-06 3E-05
 

B. POTENTIAL NONCARCINOGENIC RISKS (a)
 

COMPOUND
 

trans -1 ,2-Dichloroethene
 

Tetrachloroethene
 
1 ,1 , 1-T rich lor oethane
 

CONCENTRATION IN AIR
 

(mg/m3)
 

GEOMETRIC MAXIMUM
 

MEAN
 

3.88E-03 1.35E-02
 

2.07E-03 4.53E-03
 

3.38E-03 1.10E-02
 

CHRONIC DAILY INTAKE
 

(CD1), 70-kg ADULT
 

(mg/kg/d)
 

AVERAGE PLAUSIBLE
 

MAXIMUM
 

7.90E-04 2.75E-03
 

4.21E-04 9.22E-04
 

6.88E-04 2.24E-03
 

RfD
 
(mg/kg/d)
 

1.00E-02
 

2.00E-02
 

3.00E-01
 

RATIO OF CDI:RfD
 

AVERAGE PLAUSIBLE
 
MAXIMUM
 

7.90E-02 2.75E-01
 

2.11E-02 4.61E-02
 

2.29E-03 7.46E-03
 

HAZARD INDEX (0.1) (0.3)
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the size of the number). A negative exponent indicates that the decimal should be moved the
 

specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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exhibiting noncarcinogenic effects appears to represent a Low probability of
 

adverse heaLth effects based on the conditions of both average and pLausibLe
 

maximum exposure, since the hazard indices are Less than one.
 

Direct contact with contaminated soiL. Under current-use conditions,
 

individuaLs using the rifLe range to the north of WeLL H couLd come in contact
 

with the stained surface soil. Direct contact with the contaminated soil
 

could lead to dermal contact and absorption of contaminants, as well as
 

inadvertent ingestion of the compounds. Table 7-14 presents the assumptions
 

used in assessing exposure via these pathways. These assumptions were based
 

on the exposure pathway analysis presented in Section 7.2 and the best
 

currently available information. EPA standard assumptions for average
 

lifetime (70 years) and adult body weight (70 kg) were used (EPA 1985c).
 

Average and plausible maximum incidental ingestion rates for individuals are
 

25 and 100 mg/day. The derivation of these rates is discussed in Appendix C,
 

and was based primarily on the work of LaGoy (L987).
 

Values of 400 and 930 mg/day are used as the average and plausible maximum
 

estimates of .soil contact rates for dermal exposure. These values are contact
 

rates in mg soil/cm'91 skin (0.5 - 1.5 mg/cm9) from Schaum (1984), surface area
 

of parts of the body that are likely to be in contact with soil (e.g.,
 

approximately 840 cm
9
 for the palms for the hands and 1,140 cm
 9 

 for the
 

forearms) from Anderson et al. (1985), and of certain subjective factors.
 

Although these are reasonable values they have not been validated and are a
 

source of uncertainty in the risk calculation.
 

The derivation of the absorption factors are summarized in Appendix C, Section
 

C.3. These factory are based upon the likelihood that the chemicals will be
 

adsorbed into the soil (e.g., pesticides, PAHs) and hence, be less
 

bioavailable than these same chemicals in drinking water, for example.
 

Using these assumptions, chronic daily intake (GDI) estimates for incidental
 

ingestion and dermal absorption of chemical contaminants can be calculated.
 

The formulae used are presented in Appendix C, Section C.3, of this
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TABLE 7-14
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT WITH SOIL BY INDIVIDUALS
 
AT THE CENTRAL AREA
 

Parameters
 

Frequency of Exposure
 

Duration of Exposure
 

Average Body Weight
 

Incidental Ingestion Rate
 

Percent PAHs and Pesticides
 
Absorbed from Ingested Soils
 

Percent Inorganic Compounds
 
Absorbed from Ingested Soils
 

Soil Contact Rate
 

Percent PAHs and Pesticides
 
Absorbed Dermally from Skin
 

Percent Inorganic Compounds
 
Absorbed Dermally from Skin
 

Average Lifetime
 

Average Exposure
 

100 days/year
 

10 yr
 

70 kg
 

25 mg/day
 

15%
 

100%
 

400 mg/day
 

0.3%
 

Negligible
 

70 years
 

Plausible
 
Maximum Exposure
 

168 days/year
 

30 yr
 

70 kg
 

100 mg/day
 

45%
 

100%
 

990 mg/day
 

3%
 

Negligible
 

70 years
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Endangerment Assessment. The total GDI associated with direct contact v;ith
 

soils is the sum of the GDIs form incidental ingestion and dermal absorption.
 

Table 7-15 presents the average and plausible maximum GDIs, as well as the
 

potential carcinogenic and noncarcinogenic risks associated with these
 

exposures.
 

The upper bound lifetime excess cancer risks associated with chemicals
 

exhibiting potential carcinogenic effects are 2x10 (i.e., two in one
 

billion) and 1x10"' (i.e., one in ten million) for the average and plausible
 

maximum exposure cases, respectively. Exposure to the chemicals exhibiting
 

noncarcinogenic effects appears to present a low probability of adverse health
 

effects based on the conditions of both average and plausible maximum
 

exposure, as the hazard indices are both less than one.
 

Incidental ingestion of surface water. As discussed previously, individuals
 

trapping or wading in the Aberjona River may be exposed to contaminated
 

surface water. Exposure to both adults and children will be evaluated.
 

Adults are assumed to trap once a week under average conditions and twice a
 

week under plausible maximum conditions for 4 months each year. Average
 

exposure is assumed to occur for 5 years and plausible maximum exposure for 20
 

years. It is assumed that the individual is assumed to ingest 5 and 25 ml/day
 

under average and plausible maximum exposure conditions. The exposure
 

assumptions are summarized in Table 7-16. The formula used to evaluate this
 

scenario is presented in Appendix C, Section C.5 of this endangerment
 

assessment.
 

The GDIs and associated risks calculated using these assumptions are presented
 

in Table 7-17. The upperbound excess lifetime cancer risks are 4x10 (i.e.,
 
Q
 

four in ten million) for the average exposure conditions and 1x10 (i.e., one
 

in ten billion) for plausible maximum exposure conditions. Exposure to
 

chemicals exhibiting noncarcinogenic effects appears to represent a low
 

probability of adverse health effects based on the conditions of both average
 

and plausible maximum exposure, since the hazard indices are less than one.
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TABLE 7-16
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT WITH SEDIMENTS
 
BY INDIVIDUALS AT THE CENTRAL AREA
 

Parameters
 

General
 

Frequency of Exposure
 

Percent Phthalates, PAHs,
 
PCBs, Pesticides Absorbed
 
Dermally
 

Percent Other Organic Compounds
 
Absorbed Dermally
 

Adults
 

Sediment Contact Rate
 

Duration of Exposure
 

Average Body Weight
 

Children
 

Sediment Contact Rate
 

Duration of Exposure
 

Average Body Weight
 

Average Exposure
 

16 days/year
 

0.3%
 

1%
 

420 rag/day
 

5 years
 

70 kg
 

300 mg/day
 

5 years
 

27 kg
 

Plausible
 
Maximum Exposure
 

32 days/year
 

3%
 

10%
 

1,260 mg/day
 

30 years
 

70 kg
 

900 mg/day
 

5 years
 

27 kg
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TABLE 7-17
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF SURFACE WATER BY ADULTS AT THE CENTRAL AREA
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND MEAN MAXIMUM AVERAGE MAXIMUM (mg/kg/d) -1 AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate NA 100 NA 8.95E-07 8.40E-03 NA 7.5E-09
 

Tetrachloroethene 2.59 A. 00 5.79E-10 3.58E-08 5.10E-02 3.0E-11 1.8E-09
 

Trichloroethene 2.71 26.0 6.06E-10 2.33E-07 1.10E-02 6.7E-12 2.6E-09
 

TOTAL 4E-11 1E-08
 

B. NONCARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE
 

CONCENTRATION (ug/L) (COD (mg/kg/d) RATIO OF CDI:RfD
 

KCrCKCNlC UUSC
 

GEOMETRIC PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND MEAN MAXIMUM ' AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

Bis(2-ethylhexyl)phthalate NA 100 NA 3.13E-06 2.00E-02 NA 1.6E-04
 

.trans-1 ,2-Dichloroethene 4.18 22.0 1.31E-08 6.89E-07 1.00E-02 1.3E-06 6.9E-05
 

Lead 3.56 11.0 1.11E-08 3.44E-07 6.00E-OA 1.9E-05 5.7E-04
 

Tetrachloroethene 2.59 4.00 8.11E-09 1.25E-07 2.00E-02 4.1E-07 6.3E-06
 

HAZARD INDEX (2E-05) (8E-04)
 

-NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude
 

of the number). A negative exponent indicates that the decimal should be moved the specified number of places
 

to the left (i.e., 2.4E-03 = 0.0024).
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

<IA = Not applicable; mean not calculated with only one positive detection.
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Children between 6 and 10 years of age are assumed to play in the Aberjona
 

River once a week (average case) or twice a week (plausible maximum case) for
 

four months each year, for a total of 16 or 32 exposure events each year. The
 

total years of exposure are assumed to be five. The child is assumed to
 

ingest 100 ml/day and 200 ml/day under average and plausible maximum exposure
 

conditions. The exposure assumptions are summarized in Table 7-15 and the
 

formula used to evaluate this scenario are presented in Appendix C, Section
 

C.5.
 

The GDIs and associated risks calculated using these assumptions are presented
 
.9
 

in Table 7-18. The upper bound excess lifetime cancer risks are 2x10 (i.e.,
 
o
 

two in one hundred billion) and 6x10 (i.e., six in ten billion) for average
 

and plausible maximum exposure conditions, respectively. Exposure to
 

chemicals exhibiting noncarcinogenic effects appear to represent a low
 

probability of adverse health effects since the hazard indices are less than
 

one for both the average and plausible maximum exposure cases.
 

Direct contact with contaminated sediments. Individuals trapping or wading in
 

the Aberjona River can also be exposed to contaminated sediments. The
 

approach to calculating chronic daily intakes for these exposure pathways is
 

identical to that used for the direct contact with soil exposure scenario
 

discussed previously, except that only dermal contact and absorption is
 

assessed. Incidental ingestion of sediments is considered unlikely because
 

the sediments are likely to be washed off the hands for the trappers and the
 

hands and feet for children in the water before reaching the mouth. Since
 

dermal absorption of metals through the skin is negligible, exposure to
 

arsenic, cadmium, chromium, copper, mercury, and zinc is not evaluated.
 

Under this pathway, adults are again assumed to contact sediments 16 times
 

each year for 5 years for average exposure conditions or 32 times each year
 

for 20 years. Sediment contact rates of 420 mg/day and 1,260 mg/day are used
 

for the average and plausible maximum cases, respectively. These values were
 

derived using soil contact rates of 0.5 mg/cm
9
 and 1.5 mg/cm

9 
 (Schaum 1984)
 

and an assumed exposed surface area of 840 cm , representing the average
 ^
 

surface area for the palms of the hands (Anderson et al. 1985). The dermal
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TABLE 7-18
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF SURFACE WATER BY CHILDREN AT THE CENTRAL AREA
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK
 

GEOMETRIC PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND MEAN MAXIMUM AVERAGE MAXIMUM (mg/kg/d>-1 AVERAGE MAXIMUM
 

Sis(2-ethylhexyl)phthalate NA 100 NA 4.64E-06 8.40E-03 NA 3.9E-08
 

•"etrachloroethene 2.59 4.00 3.00E-08 1.86E-07 5.10E-02 1.5E-09 9.5E-09
 

"Trichloroethene 2.71 26.0 3.14E-08 1.21E-06 1.10E-02 3.5E-10 1.3E-08
 

TOTAL 2E-09 6E-08
 

B. NONCARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE
 

CONCENTRATION (ug/L) (CDI) (mg/kg/d) RATIO OF CDI:RfD
 

Ktl-tKtNLt UUSt
 

GEOMETRIC PLAUSIBLE (RfD) PLAUSIBLE
 

:OMPOUND MEAN MAXIMUM AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

iis(2-ethylhexyl)phthalate NA 100 NA 6.49E-05 2.00E-02 NA 3.2E-03
 

_:rans-1 ,2-Dichloroethene 4.18 22.0 6.79E-07 1.43E-05 1.00E-02 6.8E-05 1.4E-03
 

Lead 3.56 11.0 5.78E-07 7.14E-06 6.00E-OA 9.6E-04 1.2E-02
 

Tetrachloroethene 2.59 4.00 4.20E-07 2.60E-06 2.00E-02 2.1E-05 1.3E-04
 

HAZARD INDEX (0.001) (0.02)
 

—NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude
 
of the number). A negative exponent indicates that the decimal should be moved the specified number of places
 
co the left (i.e., 2.4E-03 = 0.0024).
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

*iA = Not applicable; mean not calculated with only one positive detection.
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absorption factors are identical to those in the soil direct-contact scenario
 

The exposure assumptions are summarized in Table 7-19.
 

The GDIs and associated risks calculated using these assumptions are presented
 

in Table 7-20. The upper bound excess lifetime cancer risks resulting from
 

sediment exposure are 3x10 (i.e., three in ten million) under the average
 
-4
 

case and 4x10 (i.e., four in ten thousand) under the plausible maximum case.
 

Exposure to chemicals exhibiting noncarcinogenic effects appears to represent
 

a low probability of adverse health effects based on the conditions of both
 

average and plausible maximum exposure, since the hazard indices are less than
 

one.
 

Children between 6 and 10 years of age and weighing 27 kg are assumed to wade
 

in the Aberjona River 16 or 32 times each year for five years (as discussed
 

above). Sediment contact rates of 300 mg/day and 1,000 mg/day are used for
 

the average and plausible maximum cases respectively, derived using the soil
 

contact rates of Schaum (1984) presented above and an assumed exposed surface
 

area of 693 cwr representing the average surface area of the feet of male and
 

female children between 6 and 10 years of age (EPA 1985c). The dermal
 

absorption factors are the same as those used in the direct contact with soils
 

exposure scenario. The exposure assumptions are summarized in Table 7-20.
 

Table 7-21 presents the GDIs and risks calculated using these assumptions.
 

The lifetime upper bound excess cancer risk resulting from exposure of
 

children to the sediments in Aberjona River is 8x10 (i.e., eight in ten
 
-4
 

million') under the average case and 2x10 (i e , two in ten thousand) under
 

the plausible maximum case. Exposure to the chemicals exhibiting
 

noncarcinogenic effects appears to represent a low probability of adverse
 

health effects based on the conditions of both average and plausible maximum
 

exposure since the hazard indices are less than one
 

7.3.2.2 Property Under Future-Use Conditions
 

Ingestion of groundwater - future-use scenario. Individuals could be exposed
 

to groundwater contaminants by direct ingestion of tap water. The average
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TABLE 7-19
 

ASSUMPTIONS FOR USE IN RISK ASSESSMENT FOR DIRECT CONTACT WITH SEDIMENTS
 
BY INDIVIDUALS AT THE CENTRAL AREA
 

Parameters
 

General
 

Frequency of Exposure
 

Percent Phthalates, PAHs,
 
PCBs, Pesticides Absorbed
 
Dermally
 

Percent Other Organic Compounds
 
Absorbed Dermally
 

Adults
 

Sediment Contact Rate
 

Duration of Exposure
 

Average Body Weight
 

Children
 

Sediment Contact Rate
 

Duration of Exposure
 

Average Body Weight
 

Average Exposure
 

16 days/year
 

0.3%
 

1%
 

420 mg/day
 

5 years
 

70 kg
 

300 mg/day
 

5 years
 

27 kg
 

Plausible
 
Maximum Exposure
 

32 days/year
 

3%
 

10%
 

1,260 mg/day
 

30 years
 

70 kg
 

1,000 mg/day
 

5 years
 

27 kg
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individual is assuned to weigh 70 kg and drink 2 liters of water each day for
 

70 years (an average lifetime) (EPA 1985e). Based on these assumptions, and
 

the existing chemical concentrations in the groundwater, chronic daily intakes
 

were derived and are presented in Table 7-22. The risks associated with these
 

intake levels are also presented for chemicals potentially exhibiting
 

carcinogenic and noncarcinogenic effects.
 

The upper bound lifetime excess cancer risks associated with ingestion are
 

4x10"^ (i.e., four in one hundred thousand) and 3x10"^ (i.e., three in ten
 

thousand) for the average and plausible maximum cases, respectively. The
 

hazard index for the average exposure scenario is less than one indicating a
 

low probability of adverse health effects. Under the plausible maximum
 

exposure scenario, the hazard index is equal to one.
 

Exposure to the radionuclides were evaluated separately from the other
 

contaminants detected in the central area groundwater. This is due to the
 

fact that the procedures used to calculate risk are based on comparisons with
 

acceptable levels determined by EPA (1986f, 1985f). In the Federal Register
 

Notice (EPA 1986f), EPA proposed an acceptable yearly intake of 4 mrem/year of
 

radionuclides. In the Drinking Water Criteria document, EPA (1985f) presented
 

groundwater concentrations which correspond to this dose. These
 

concentrations were used as a point of comparison. Table 7-23 summarizes the
 

results. The geometric mean and maximum concentrations of gross alpha
 

particles exceeds the reference concentration for radium-226. EPA (1986f)
 

states that "radium-226 is responsible for about one-half of the gross alpha
 

particle activity." The data collected at the Wells G & H site do not reflect
 

this if the maximum gross alpha particle and radium concentrations are
 

compared. Thus, it is more than likely that other radionuclides are present.
 

The maximum gross beta particle concentration exceeds the concentration
 

corresponding to a 4 mrem/year dose if all the gross beta particles are
 

present as strontium-90. If, on the other hand, the gross beta particles are
 

present as tritium, the concentrations are well below the concentrations
 

corresponding to a 4 mrem/year dose. The maximum radium concentration exceeds
 

the concentrations corresponding to 4 mrem/year. It should be noted that this
 

concentration is exceeded by 4 pCi/liter and this could be due to analytical
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TABLE 7-22
 

EXPOSURES AND RISKS ASSOCIATED WITH INGESTION OF GROUNDUATER FROM THE CENTRAL AREA
 

A. POTENTIAL CARCINOGENIC EFFECTS 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND 

CONCENTRATION (ug/L) (mg/kg/d) EXCESS CANCER RISK 

GEOMETRIC MAXIMUM PLAUSIBLE POTENCY FACTOR PLAUSIBLE 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM 

Tetrachloroethene 26.8 180 7.66E-04 5.14E-03 5.10E-02 3.9E-05 2.6E-04 

Trichloroethene 17.9 140 5.13E-04 4.00E-03 1.10E-02 5.6E-06 4.4E-05 

TOTAL - - 4E-05 3E-04 

B. NONCARCINOGENIC EFFECTS (a) 

CHRONIC DAILY INTAKE 

CONCENTRATION (ug/L) (CDI) (mg/kg/d) RATIO OF CDI:RfD 

GEOMETRIC MAXIMUM PLAUSIBLE (RfD) PLAUSIBLE 

COMPOUND MEAN AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM 

Barium 93.4 210 2.67E-03 6.00E-03 5.00E-02 5.3E-02 1.2E-01 

trans-1,2-Dichloroethene 8.94 80 2.55E-04 2.29E-03 1.00E-02 2.6E-02 2.3E-01 

Tetrachloroethene 26.8 180 7.66E-04 5.14E-03 2.00E-02 3.8E-02 2.6E-01 
1,1,1-Trichloroethane 6.12 1700 1.75E-04 4.86E-02 9.00E-02 1.9E-03 5.4E-01 

HAZARD INDEX - - <1 (0.1) 1 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogem'c risk. 

-NA = Not applicable; mean not calculated with only one positive detection. 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, 

_(i.e., the magnitude of the number). A negative exponent indicates that the decimal should 

be moved the specified number of places to the left (i.e., 2.4E-03 = 0.0024). 
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TABLE 7-23
 

EXPOSURES AND RISK ASSOCIATED WITH INGESTION OF RADIONUCL1DES PRESENT IN
 

GROUNDWATER FROM THE CENTRAL AREA OF THE WELLS G & H SITE
 

LIFETIME UPPER BOUND 

CONCENTRATION (pCi/L) EXCESS CANCER RISK 

KcrcKenic M3K UUKKCSrUNUIN u 

GEOMETRIC MAXIMUM CONCENTRATION TO REFERENCE GEOMETRIC MAXIMUM 

COMPOUND MEAN (pCi/L) (a) CONCENTRATION MEAN 

Gross Alpha Particles 26 350
 
- as Radium-226 1 1.00E-05 3E-04 4E-03
 

- as Radium-228 2 1.00E-05 1E-04 2E-03
 

Gross Beta Particles 30 180
 
- as Strontium-90 46 8.00E-05 5E-05 3E-04
 

- as Tritium 88000 8.00E-05 3E-08 2E-07
 

Radium 2.2 14
 

- as Radium-226 1 1.00E-05 2E-05 1E-04
 

- as Radium-228 2 1.00E-05 1E-05 7E-05
 

Uranium 2.4 4 7 1.00E-05 3E-06 6E-06
 

(a) Reference concentration corresponds to a dose corresponding to lifetime risk level for Radium-226,
 
Radium-228, and Uranium or a dose corresponding to 4 mrem/year for Strontium-90 and Tritium.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places, (i.e., the magnitude
 
of the number). A negative exponent indicates that the decimal should be moved the specified number of
 
places to the left (i.e., 2.4E-03 = 0.0024).
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cht-mistrv variability. The uranium concentration is well below the
 

concentration corresponding to 4 mrem/year dose.
 

Inhalation of contaminants while showering - future-use scenario. In addition
 

to ingestion of groundwater, inhalation of volatilized contaminants can occur
 

while using the water for nonconsumptive uses. Exposure to individuals while
 

showering is quantified here. The shower model of Foster and Chrostowski
 

(1987), discussed in Section C.2 of Appendix C, was used to quantify exposure
 

via this pathway. The potential health risks associated with the estimated
 

inhalation exposures while showering are presented in Table 7-24. It should
 

be noted that while the chronic daily intake for exposure to volatile organic
 

contaminants in groundwater via ingestion and inhalation are comparable, as
 

expected from the literature (Foster and Chrostowski 1987, McKone 1987, EPA
 

1984i), the risks from this exposure will vary due to differences in the
 

potency factors. The excess lifetime upper bound cancer risks associated with
 

the average and plausible maximum cases were 4x10 (i.e., four in one
 

million) and 3x10 (i.e., three in one hundred thousand), respectively. For
 

chemicals exhibiting noncarcinogenic effects, the individual CDI:RfD ratios
 

for each compound under both the average and plausible maximum cases were
 

below one as was the hazard index.
 

7.3.3 MULTIMEDIA EXPOSURES
 

Exposure via one of the pathways discussed above for the future-use scenarios
 

does not preclude exposures via other pathways. For example, residents of the
 

area may be exposed to contaminants in the groundwater via ingestion or
 

inhalation. However, exposure by one route generally dominates the exposure
 

and risk calculations, and by adding exposures from other routes is unlikely
 

to have a substantial effect on risks. For example, under the average future-


use scenario, the upper bound excess lifetime cancer risk associated with the
 

inhalation of vapors released while showering is 4x10 , and that associated
 

with the ingestion of groundwater is 4xlO~V The sum of these two values is
 

approximately equal to the risk value associated with ingestion of groundwater
 

alone. Therefore, in this situation, the quantitative risk is determined by
 

only one type of exposure.
 

7-45
 



TABLE 7-24
 

EXPOSURES AND RISKS ASSOCIATED WITH INHALATION OF VAPORS WHILE SHOWERING
 

WITH GROUNDWATER FROM THE CENTRAL AREA OF THE WELLS G & H SITE
 

A. POTENTIAL CARCINOGENIC EFFECTS
 

CHRONIC DAILY INTAKE LIFETIME UPPER BOUND
 

(mg/kg/d) EXCESS CANCER RISK
 

PLAUSIBLE POTENCY FACTOR PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d)-1 AVERAGE MAXIMUM
 

Tetrachloroethene 5.58E-04 4.19E-03 3.30E-03 1.8E-06 1.4E-05
 

Trichloroethene 4.20E-04 3.52E-03 4.60E-03 1.9E-06 1.6E-05
 

TOTAL 4E-06 3E-05
 

B. NONCARCINOGENIC EFFECTS (a)
 

CHRONIC DAILY INTAKE
 

(CD I) (mg/kg/d) RATIO OF CDIiRfD
 

REFERENCE DOSE
 

PLAUSIBLE (RfD) PLAUSIBLE
 

COMPOUND AVERAGE MAXIMUM (mg/kg/d) AVERAGE MAXIMUM
 

trans-1,2-Dichloroethene 2.32E-04 2.24E-03 1.00E-02 2.3E-02 2.2E-01
 

Tetrachloroethene 5.58E-04 4.19E-03 2.00E-02 2.8E-02 2.1E-01
 
1,1,1-Trichloroethane 1.22E-04 4.31E-02 3.00E-01 4.1E-04 1.4E-01
 

HAZARD INDEX <1 (0.05) <1 (0.6)
 

(a) Noncarcinogens and potential carcinogens with RfDs were evaluated for noncarcinogenic risk.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating decimal places,
 

(i.e., the magnitude of the number). A negative exponent indicates that the decimal should
 
be moved the specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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7 .4	 SUMMARY OF THE Central AREA OF THE WELLS C- & H SITE EVALUATION
 

This section of the Endangerment Assessment for the central area of the Wells
 

G & H site is a baseline assessment, which evaluates potential impacts to
 

human health in the absence of further remedial actions under both current-


and future-use scenarios. Chemicals of potential concern were selected based
 

on the sampling data of the environmental media and consideration of toxicity.
 

The soil chemicals of potential concern selected were cadmium, chlordane,
 

lead, and pyrene. The groundwater chemicals of potential concern were barium,
 

trans-1.2-dichloroethene. radionuclides (gross alpha and gross beta particles,
 

radium, and uranium), tetrachloroethene, 1,1,1-trichloroethane, and
 

trichloroethene. The chemicals of potential concern for surface water were
 

bis(2-ethylhexyl)phthalate, trans-1.2-dichloroethene. lead, tetrachloroethene,
 

and trichloroethene. The sediment chemicals of concern were acetone, aldrin,
 

arsenic, bis(2-ethylhexyl)phthalate, cadmium, chromium, copper, mercury,
 

methylene chloride, carcinogenic PAHs, noncarcinogenic PAHs, and zinc.
 

Under current land-use conditions, the exposure pathways by which human
 

receptors could potentially be exposed to site contaminants involve direct
 

contact with soils, surface water, and sediment. Average and plausible
 

maximum exposure scenarios were developed. The exposure point concentrations
 

of the chemicals of potential concern were estimated for the potentially
 

exposed populations. Human health risks were assessed based on estimates of
 

exposure and a quantitative description of each compound's toxicity. The
 

major conclusions can be summarized as follows:
 

•	 Exposure of workers at the Riley Tannery to volatile released from
 
water used in the production process could result in potential
 
excess upper bound lifetime cancer risks of 2x10"° for the average
 
exposure case and 3x10 for the plausible maximum case. Exposure
 
to the chemicals exhibiting noncarcinogenic effects appears to
 
present a low probability of adverse health effects based on the
 
conditions of both average and plausible maximum exposure, as the
 
hazard indices are both less than one.
 

•	 Exposure of individuals to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 2x10 for the average exposure case and
 
1x10 for the plausible maximum exposure case. Exposure to the
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chemicals exhibiting noncarcinogenic effects appears to present a
 
low probability of adverse health effects based on the conditions of
 
both average and plausible maximum exposure, as the hazard indices
 
are less than one.
 

Exposure of adults trapping in the Aberjona River to surface water
 
could result in potential upper bound excess cancer risks of 4x10"1^
 
and 1x10 under average and plausible maximum exposure conditions,
 
respectively. Exposure of this same population to sediments could
 
result in potential upper bound excess cancer risks of 3x10 under
 
average conditions and 4x10 under plausible maximum exposure
 
conditions. The hazard indices were less than one for exposure to
 
both surface water and sediments under average and plausible maximum
 
conditions.
 

Exposure to children playing the Aberjona River to surface water
 
could result in potential upper bound excess cancer risks of 2x10""
 
under average conditions and 6x10 under plausible maximum exposure
 
conditions. Exposure of this same population to sediments could
 
result in potential upper bound excess cancer risks of 8x10 and
 
2x10"^ under average and plausible maximum exposure cases,
 
respectively. The hazard indices were less than one for exposure to
 
both surface water and sediment for average and plausible maximum
 
cases.
 

The exposure scenarios described above would apply for future land use
 

conditions as well. In addition, exposure pathways related to groundwater use
 

was considered. Average and plausible maximum exposure scenarios were
 

developed for ingestion of groundwater and inhalation of volatiles while
 

showering. The conclusions are summarized as follows:
 

•	 Ingestion of groundwater with the exception of the radionuclides could
 
result in potential upper bound lifetime excess cancer risks of 4x10
 
and 5x10 for the average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for the average case but equaled 1
 
for the plausible maximum case.
 

•	 Ingestion of groundwater containing radionuclides could result in
 
exposures greater than the recommended 4 mrem/year dose. The
 
geometric mean and maximum gross alpha particle concentrations exceed
 
this reference level. The maximum gross beta particles (as strontium
 
90) and radium concentrations exceed concentrations corresponding to a
 
4 mrem/year dose. If the gross beta particles are present as tritium,
 
then the measured concentrations are much less than the concentration
 
corresponding to a 4 mrem/year dose. The geometric mean and maximum
 
uranium concentrations were both below the concentration corresponding
 
to a 4 mrem/year dose.
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Inhalation of volatiles released from the groundwater while showering
 
could result in 4x10 and 3x10 potential upper bound excess
 
lifetime cancer risk for the average and plausible maximum cases,
 
respectively. The hazard index was less than 1 for the average and
 
plausible maximum cases.
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8.0 ECOLOGICAL RISK ASSESSMENT
 

In addition to potential exposure of the human population discussed in earlier
 

sections of this report, flora and fauna may also be exposed to contamination
 

at the Wells G & H site. Chemicals present at the site may be toxic to plants
 

and animals exposed to these substances via air, water, soil, sediment, or
 

food. This section of the endangerment assessment identifies possible
 

environmental receptors, addresses the potential pathways by which these
 

receptors may be exposed to the chemicals of potential concern at the site,
 

and estimates the risks to terrestrial and aquatic wildlife that may exist at
 

the site.
 

The steps for the environmental assessment roughly parallel those for the
 

human health risk assessments, in that information on exposure and toxicity
 

are combined to generate an estimate of risk. However, the goal of human
 

health risk assessment is protection of the individual. While protection of
 

individual environmental receptors also may be important (e.g., the death of
 

one individual of an endangered species), in most cases, an environmental risk
 

assessment is focussed at the population level. Unfortunately, there is a
 

paucity of toxicity data relevant to wildlife and it is difficult to draw
 

inferences to the population level. For these reasons, wildlife risk
 

assessments are qualitative to a large extent.
 

In the following sections, the potential impacts to fish and wildlife are
 

assessed at the individual and population level. First, in Section 8.1, the
 

chemicals of potential concern are discussed. In Section 8.2, the receptors
 

potentially affected by chemicals associated with the Wells G & H site are
 

identified. Potential exposure pathways are identified and exposure is
 

quantified in Section 8.3. The methods used to assess toxicity data are
 

discussed in Section 8.4 (toxicity data are summarized in Appendix D). In
 

Section 8.5, the toxicity information is combined with estimates of exposure
 

to provide an estimate of risk. In the final section, Section 8.6, the
 

conclusions of this ecological risk assessment are presented.
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8.1 CHEMICALS OF POTENTIAL CONCERN
 

The chemicals that will be evaluated in this environmental assessment are
 

those chemicals detected frequently in surface water, sediment, soil, and
 

sludge. Below, the chemicals of concern are discussed by media: surface
 

water, sediment, and soil/sludge. In general, chemicals of potential concern
 

were selected according to the guidelines summarized in Section 1,3 and
 

Appendix A of this report.
 

The chemicals of concern for exposure to soils and sludges were selected
 

according to the procedures outlined in Appendix A. The geometric mean
 

concentrations of the inorganic constituents were compared with regional
 

background values for inorganics in soil (as seen in Table A-l of Appendix A).
 

Chemicals were selected if geometric mean concentrations were twice maximum
 

background values.
 

For surface water and sediments the procedures of Appendix A were used as a
 

screening procedure. For sediments, the upstream sampling site and the
 

regional soil values (as seen in Table A-l of Appendix A) were used for
 

background data. For surface water, the upstream sample was used for
 

background data. After the screening criteria were met, the list of chemicals
 

and their reported concentrations were reviewed based on the available
 

toxicological data for effects on aquatic and terrestrial wildlife. Chemicals
 

known to be of low toxicity except at extremely high concentrations were
 

removed from further consideration. Examples of such chemicals are the
 

following inorganics: barium, calcium, manganese, magnesium, potassium, and
 

sodium. Volatile organic compounds found at several orders of magnitude below
 

known toxic levels were also removed from further consideration.
 

For some of the chemicals of potential concern, there were insufficient
 

toxicological data to assess risks. Data on toxicological effects to
 

terrestrial wildlife were frequently lacking. Therefore, the assessment is
 

limited to a discussion of the toxic effects of a subset of the chemicals of
 

potential concern.
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8.1.1 SURFACE WATER
 

The surface water sampling data are summarized in Table 8-1. The following
 

chemicals, which were detected onsite, were removed from further consideration
 

because maximum onsite concentrations did not exceed twice the maximum
 

upstream (background) concentrations: 1,1-dichloroethane, 1,1,1

trichloroethane, arsenic, barium, calcium, copper, magnesium, manganese,
 

potassium, sodium, and zinc. trans-1.2-Dichloroethene. trichloroethene,
 

tetrachloroethane, and toluene were detected at low ug/liter concentrations
 

which are 20-1000 times lower than concentrations reported to have produced
 

effects in aquatic biota (EPA, 1986h). In addition, only trichloroethene was
 

detected at the downstream station, which may indicate that substantial losses
 

from the aquatic environment occur through volatilization. As a result of
 

these observations, these four chemicals were removed from further
 

consideration.
 

The other constituents detected in the surface water above background were
 

selected as chemicals of potential concern. Thus, the chemicals of potential
 

concern for surface water are: aluminum, bis(2-ethylhexyl)phthalate,
 

butylbenzylphthalate, di-n-octyl phthalate, iron, and lead.
 

8.1.2 SEDIMENTS
 

Sediment sampling data are summarized in Table 8-2. None of the detected
 

volatile organic compounds were eliminated from consideration based on the
 

initial comparison with upstream samples. Acetone. 2-butanone, and methylene
 

chloride are selected as chemicals of potential concern. The other volatiles
 

(benzene, toluene, 1,1-dichloroethane, 1,1,1-trichloroethane, trichloroethene,
 

1,2-dichloroethene, and vinyl chloride) were detected at concentrations of <5
 

ug/kg. Toxic effects in aquatic organisms have been observed at the hundreds
 

to thousands of ug/liter level in water (EPA 1986h) for these compounds. No
 

data were found linking these sediment concentrations with toxic effects. On
 

the basis of these observations, these compounds are removed from further
 

consideration.
 

1-3
 



z O
o

 O 
in 

oo  o o o o o^ •**" • o o  oooooo• in • r^ ro^ oru o o* 
mi 
X 

PO O «— m^oro co
ro

 *~ «— ro <r po ro 
 ro 

Z 

UJ 
LJ 

< 
z z 

<
2

 r^<<f«
- J - Z Z  -
oo co

 o
 O
 ro

 r^oroooo
 .OCOCQOOO
 f M O - ' C K * - ' —

 oru 
 O  ' 

N-O1 

l_ 
CO 

Ct Z 
t- < 
LU LU 

«- rvj 

1 LU 

u.§
o ~ PO ro f^ fo fO ro ro ro ro ro ro ro ro to ro ro 

LU 
• o 

O UJ 
^"z § z^§z zz^S w^^roz §K> zioroioroforo z roro 

_, D£ 'i' 
CO u- O 

3: 
oa 

CO 

—I 
LU 

—^ 

X 

O
O

rO

 CD O 
 • O 

0 • 
r~ T— 

o o
•
 o
 •

 ooooooooooooooo 
 CK 'h-oor-o -Cf-o jocooo-oo 

ro in c 
3 o 

LU 4-> 5 
o E 

h- < O < 
o z ro z 

U. 
O 

L̂U 
Q£. 
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None of the base/neutral extractable organics were eliminated by the
 

comparison with upstream samples and all are selected as chemicals of
 

potential concern. Aldrin, which was found at elevated levels onsite and
 

downstream, is also selected.
 

The inorganics eliminated by the initial screening were lead (based on
 

background concentrations) and antimony (based on frequency of detection).
 

The following inorganics were considered to be relatively nontoxic and were
 

removed from consideration: barium, calcium, manganese, magnesium, potassium,
 

and sodium.
 

The chemicals of potential concern for the sediments are: acetone, aldrin,
 

arsenic, bis(2-ethylhexyl)phthalate, 2-butanone, cadmium, chromium, copper,
 

iron, mercury, methylene chloride, 4-methylphenol, nickel, polycyclic aromatic
 

hydrocarbons, selenium, and zinc.
 

8.1.3 SOIL/SLUDGES
 

Soil and sludge contaminants were considered for their potential risks to
 

terrestrial plants and wildlife. The areas of concern are the Olympia Nominee
 

Trust and Wildwood Conservation Corporation properties. These areas, which
 

are relatively undeveloped and have a good vegetative cover, are likely to be
 

good habitats for wildlife. The other properties, which are generally in more
 

developed areas which wildlife would be less likely to frequent, will not be
 

considered further. The sludge piles at Wildwood, which are not vegetated,
 

are not likelv to be frequented bv wildlife and will not be considered
 

further.
 

Sampling data are provided in Table 4-4 for the Olympia Nominee Trust property
 

and Table 6-1 for the Wildwood Conservation Corporation property. Soil
 

contaminants were selected as chemicals of concern based on the criteria
 

described above. The chemicals of potential concern in soils are: acetone,
 

bis(2-ethylhexyl) phthalate, chlordane, 4,4-DDT, trans-1.2-dichloroethene,
 

methylene chloride, polycyclic aromatic hydrocarbons, polychlorinated
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biphenyls, tetrachloroethene, toluene, and trichloroethene.
 

8.1.4 SUMMARY
 

Table 8-3 summarizes the chemicals of potential concern for each media for the
 

environmental receptors at the Wells G & H site. The surface water chemicals
 

of potential concern are aluminum, bis(2-ethylhexyl)phthalate, butylbenzyl
 

phthalate, di-n-octyl phthalate, iron, and lead. The chemicals of potential
 

concern for the sediments are acetone, aldrin, arsenic, bis(2-ethylhexyl)
 

phthalate, 2-butanone, cadmium, chromium, copper, iron, mercury, methylene
 

chloride, 4-methylphenol, nickel, polycyclic aromatic hydrocarbons, selenium,
 

and zinc. The chemicals of potential concern for soils are acetone, bis(2

ethylhexyl) phthalate, chlordane, 4,4-DDT, trans-1.2-dichloroethene. methylene
 

chloride, polycyclic aromatic hydrocarbons, polychlorinated biphenyls,
 

tetrachloroethene, toluene, and trichloroethene.
 

8.2 RECEPTOR CHARACTERIZATION
 

Receptors are the components of ecosystems that may be affected by
 

contaminants. Because of the complexity of most natural systems, it is
 

difficult to assess all of the potential impacts on all receptors for all
 

chemical effects. This assessment selected specific subgroups of receptors
 

and potential effects to act as surrogates in evaluating harm to the entire
 

system.
 

The study area lies within the Aberjona River basin which is a sub-basin of
 

the Mystic River watershed. The wetlands within the study area were
 

identified by the U.S. Fish and Wildlife Service (USFWS) National Wetlands
 

Inventory (NWI) map of the site and from aerial photographs of the area
 

(Alliance 1987). These wetlands help to store excess runoff during flood
 

conditions which is then slowly released during drier periods (New England
 

River Basins Commission 1975) . Wetlands are also known to be excellent
 

sediment traps since they intercept runoff-borne sediment before it enters
 

groundwater, rivers, or lakes. In a wetland, the velocity of the surface
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Chemicals of Potential Concern to the Environmental Receptors
 
at the Wells G & H Site
 

S\ face Water Sediment Soils
 

Aluminum
 
B? *(2 -ethyIhexy1)phthalate
 
B\ ylbenzyl phthalate
 
Dr^n-octyl phthalate
 
Iron
 
L< d
 

Acetone
 
Aldrin
 
Arsenic
 
Bis(2-ethylhexyl)phthalate
 
2-Butanone
 
Cadmium
 
Chromium
 
Copper
 
Iron
 
Mercury
 
Methylene chloride
 
4-Methylphenol
 
Nickel
 
cPAHs8
 

nPAHs3
 

Selenium
 
Zinc
 

Acetone
 
Bis(2-ethylhexyl)phathlate
 
Chlordane
 
4,4'-DDT
 
trans-1,2-Dichloroethene
 
Methylene chloride
 
cPAHsa
 

nPAHs3
 

PCBsb
 

Tetrachloroethene
 
Toluene
 
Trichloroethene
 

The polycyclic aromatic hydrocarbons were divided into two groups in the human health exposure
 
and risk sections. These designations are used in this section for consistency rather than to
 
imply any specific toxic response in environmental receptors.
 

b —Polychlorinated biphenyls.
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water is slowed, allowing for the deposition of the suspended particles from
 

the water column. Additionally, the vegetation in the wetlands act as a
 

screen, sieving the suspended sediment from the surface water. Vegetated
 

wetlands have been shown to be excellent sediment traps that can retain and
 

accumulate sediments for many years (Adamus 1983).
 

The Wells G & H site contains a 39 acre wetland described in part as a
 

palustrine broad-leaved deciduous scrub-shrub/emergent wetland and in part as
 

a palustrine broad-leaved deciduous forested wetland (Alliance 1987) . There
 

are also three smaller areas classified as palustrine emergent wetlands. The
 

39 acre wetland in the center of the site is heterogeneous in vegetation. The
 

Wildwood Conservation Corporation and Olympia Nominee Trust properties to the
 

west and south of the wetland are covered in old-field vegetation.
 

Wetlands areas are diverse habitats since they incorporate both aquatic and
 

terrestrial species as well as those species which are amphibious. Lists of
 

mammals, birds, reptiles and amphibians which could be present in the wetlands
 

for this region were compiled by Alliance (1987) and are presented in Appendix
 

F. Although the area surrounding the site is highly developed, the wetlands
 

are in a portion of the site with very limited human activity.
 

The Aberjona River flows through the swamp just north of Olympia Avenue and
 

then enters the large marsh. Common plant species found in the central marsh
 

are emergent cattail, purple loosestrife, sedges, reeds and rushes. The edges
 

of the marsh are ringed with red maple containing an understory of buckthorn,
 

arrovwood. highbrush blueberry, and silky dogwood. A small island in the
 

center of the marsh also contains red maple, but the understory is of
 

winterberry, hobblebush, and red-osier dogwood. The northeast portion (about
 

3.6 acres) of the wetland is drier than the rest of the marsh and supports
 

vegetation dominated by red maple with an understory of arrowwood.
 

winterberry, highbush blueberry, shadbush, swamp azalea, and poison sumac.
 

Mammals known to inhabit the area include woodchucks, raccoons, squirrels, and
 

chipmunks. Birds include redwing blackbirds, yellowthroats, grackles,
 

warblers, song sparrows, and ducks. Reptiles and amphibians are common
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representatives of marshes and here include turtles, snakes, and frogs.
 

Insects are represented mainly by the orders Odonata (damsel- and
 

dragonflies), Diptera (flies), Coleoptera (beetles), and Lepidoptera (moths
 

and butterflies). No fish were observed in a limited investigation of the
 

River and marsh performed by Alliance (1987).
 

Rare or endangered species are given special consideration in an environmental
 

assessment. In non-threatened species, the loss of one individual may not
 

influence the overall success of the population, as long as a constant
 

breeding population is maintained. However, the loss of even one member of an
 

endangered species may affect the chances of survival for the species. Thus,
 

it is important to give particular attention to the potential occurrence of
 

rare or endangered species near the site. A rare invertebrate, the Mystic
 

Valley Amphipod (Crangonyx aberrans), which is on the State List of Rare
 

Species, has been found in the area north of the site (Alliance 1987). While
 

it has not been documented, it may use the Wells G & H site as a habitat.
 

This organism, however, requires a high surface water flow rate for survival,
 

and it is not known if the flow rate in the Aberjona River through the site is
 

sufficient to support this species. The rare species, intricate fairy shrimp
 

(Eubranchipus intricatus), may also inhabit the area, though again its
 

presence is undocumented (Alliance 1987) .
 

8.3 EXPOSURE ASSESSMENT
 

An exposure pathway consists of four elements: (1) a source and mechanism of
 

chemical release to the environment, (2) an environmental transport medium
 

(e.g., groundwater, surface water) for the released chemical, (3) a point of
 

potential contact with the contaminated medium (the exposure point), and (4)
 

an exposure route at the contact point. The sources of the chemicals at the
 

Wells G & H site have been discussed earlier in this report. The release of
 

these contaminants has resulted in soil, surface water, and sediment
 

contamination which could affect the biota living at or near the site. The
 

potential impact on environmental receptors from exposure to groundwater is
 

limited. It is possible that, if the water table is sufficiently high, some
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plant roots may extend down into the groundwater; whether or not this occurs
 

cannot be determined at this time and quantification is not possible. The
 

only other impact from groundwater on environmental receptors is indirectly
 

through discharge to the Aberjona River, as discussed in Appendix B of this
 

report.
 

Exposure pathways are the routes by which an individual, population, community
 

or ecosystem may encounter the chemicals of potential concern. Exposure
 

pathways may be direct or indirect in nature. Direct pathways include direct
 

contact or ingestion of contaminated media such as soil, sediment, water, or
 

air. Indirect pathways, for the purposes of this assessment, are those in
 

which an animal consumes other previously contaminated organisms. Some of the
 

metals and organic compounds found at the Wells G & H site may bioaccumulate
 

to some extent and therefore indirect exposure via the food chain may be
 

possible. Identification of important pathways and their components is
 

addressed in this section.
 

8.3.1 EXPOSURE OF AQUATIC LIFE
 

Aquatic biota may be exposed to chemical contaminants at the Wells G & H site
 

in the Aberjona river and wetlands via contact with contaminated water and
 

sediment and ingestion of contaminated food. Contaminated sediments of the
 

Aberjona river and wetlands could serve as an exposure pathway for aquatic
 

invertebrates which feed by extracting organic matter from ingested sediment.
 

The environmental transport and fate of the chemicals of potential concern for
 

aquatic life influences the potential exposure of aquatic organisms. Because
 

of the close interactions between surface water and sediment, a brief
 

discussion of sediment-water interactions will be presented, and potential
 

exposure to surface water and sediment will be discussed together. A more
 

complete discussion can be found in Appendix B. In the risk characterization
 

section of this environmental assessment, data from surface water and
 

sediments will be evaluated separately to determine the potential for adverse
 

effects to aquatic life from exposure to contaminants in each of the two
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media
 

As is discussed in Appendix B, the concentrations of organic and inorganic
 

compounds in surface water and sediments are governed by a partitioning
 

mechanism which regulates the amount of the compound which will be adsorbed by
 

the sediments and the amount remaining in the water. The sediments provide an
 

important role in reducing the amount of a chemical available to the biota by
 

acting as a "sink" for the chemical. If chemical concentrations in the water
 

column are subsequently reduced, sediments may then act as a source by slowly
 

releasing the sorbed compounds back into the water column. Other processes
 

that may also influence the transfer rates between sediment and water and/or
 

biota are storm events, sedimentation, and foraging movements of benthic
 

organisms.
 

Food and other ingested debris are also sources for exposure to contaminants.
 

The increase in chemical concentrations in an organism resulting from both
 

bioconcentration directly from water into an organism, and from accumulation
 

from other sources such as food and debris, is called bioaccumulation. When
 

organisms eat other previously contaminated organisms they may be exposed to
 

higher concentrations of a contaminant than are present in either surface
 

water or sediment. This phenomenon is called biomagnification, since the
 

concentration is increased or magnified up the food chain.
 

Bioconcentration of xenobiotics (chemicals which are foreign to living
 

organisms) from the water column is also influenced by several environmental
 

factors. One important factor in nutrient-rich systems such as marshes and
 

wetlands is the amount of dissolved organic matter present in the water
 

column. Dissolved organic matter, also referred to as dissolved organic
 

carbon, is often measured as the fraction organic carbon (foc), reported as a
 

percentage. Dissolved organic matter (e.g., fulvic acids, humic materials) is
 

a ubiquitous component of freshwater systems and acts as a naturally occurring
 

sorbent for many organic contaminants and metals (McCarthy and Black 1987).
 

Dissolved organic matter can complex, or form bonds, with contaminants,
 

thereby helping to stabilize them in the water column much as sediments act as
 



sinks for xenobiotics Complexation with dissolved organic matter has been
 

shown to reduce the relative toxicity of compounds such as pesticides, PAHs
 

and PCBs (McCarthy and Jimenez 1985, Landrum et al. 1985, Chiou et al. 1979),
 

and some metals under certain conditions such as aluminum and copper (Driscoll
 

et al. 1980. Baker 1982) by rendering them biologically unavailable. There is
 

conflicting evidence, however, that indicates that dissolved organic matter
 

may enhance the bioavailability of certain metals such as cadmium and lead
 

(Besser and Rabeni 1987). The amount of organic carbon detected in sediments
 

can be combined with an organic carbon partitioning coefficient (Koc) to
 

estimate an interstitial water concentration. This interstitial water
 

concentration can then be used to estimate the exposure and resulting impact
 

of nonpolar, hydrophobic organics to aquatic organisms. The potential hazards
 

to aquatic life from exposure to surface water and sediment will be discussed
 

in Section 8.5.1.
 

8.3.2 EXPOSURE OF PLANTS
 

Plants may be exposed to contaminants in air, soil, and water. Since
 

phytotoxicity data, when available, generally link soil concentrations of
 

contaminants with effects, the focus of the hazard assessment for plants will
 

be on exposure to contaminants in soil.
 

8.3.3 EXPOSURE OF BIRDS
 

Birds may be exposed either directly or indirectly to contaminants at the
 

Uells G & H site. Direct pathways for birds include ingestion of contaminants
 

in sediments or water, and direct contact with contaminated soil or sediments.
 

Some birds, such as the belted kingfisher (listed by Alliance (1987) as a
 

possible inhabitant of the Wells G & H site), build their nests by burrowing
 

into the soil along river bluffs and other exposed bank areas. Activities
 

such as dust bathing, common among a number of bird species, also increase
 

exposure to contaminated soil. Unfortunately, estimates of exposure via these
 

pathways are not easily quantified due to the scarcity of data regarding the
 

detailed activities of birds, and enormous variability of behavioral habits
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between species.
 

The potential exposure of birds from ingestion of contaminated water will be
 

estimated. The daily water intake of birds has been estimated to be
 

equivalent to 36% of body weight (Welty 1962). The American woodcock will be
 

used as an indicator species to assess this potential route of exposure. A
 

body weight of 0.17 kg is used based on weight data for bobwhite quail (USDA
 

1988). Bobwhite quail and woodcocks have approximately the same body length
 

and robustness (Robbins et al. 1966). Chemical dosages (Table 8-4) are
 

calculated by multiplying the onsite geometric mean surface water
 

concentration by the number of kilograms of water ingested per day and then
 

dividing by the body weight.
 

In this assessment, the potential risk associated with ingestion of
 

contaminated aquatic invertebrates will be calculated for aquatic waterfowl
 

which may utilize the wetland area. Dietary intakes are estimated by
 

calculating the amount of food ingested each day and the concentration of
 

chemical in the food. For the purposes of this assessment, it is assumed that
 

chemicals accumulate only in the animal portion of the diet, although it is
 

likely that some contaminants also accumulate in plants.
 

As discussed previously, aquatic invertebrates may bioaccumulate contaminants
 

by (1) partitioning from the water column or (2) contact and/or ingestion of
 

contaminated sediments. Unfortunately, adequate data are only available to
 

estimate the contribution of the first route to invertebrate body burdens.
 

Bioconcentration data are used in Table 8-5 in order to estimate body burdens
 

of surface water contaminants in aquatic invertebrates that will be consumed
 

by waterfowl. For the surface water chemicals of potential concern, the only
 

chemical for which both bird toxicity data and bioconcentration data are
 

available is lead. Therefore, the other chemicals of potential concern will
 

not be assessed for this potential route of exposure.
 

The mallard, which was observed by a survey team at the marsh (Alliance 1987),
 

is selected as an indicator species. To determine the dose for waterfowl at
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TABLE 8-4
 

ESTIMATED EXPOSURE OF WILDLIFE FROM DRINKING OF SURFACE WATER CONTAMINANTS
 

Onsite Geometric Mean
 
Surface Water Cone Woodcock Dose Shrew Dose
 

Compound (ug/L) (mg/kg/day) (mg/kg/day)
 

Aluminum 75.9 0.0272 1.50E-03
 

Bis(2-ethylhexyl)phthalate 100 (a) 0.0359 2.01E-03
 

Iron 1,310 0.470 0.0262
 

Lead 3.6 1.30E-03 7.11E-05
 

(a) Chemical was detected in one sample.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places to
 
the left (i.e., 2.4E-03 = 0.0024).
 



TABLE 8-5
 

ESTIMATED EXPOSURE OF UATERFOWL TO CONTAMINANTS FROM 1NGESTION OF AQUATIC INVERTEBRATES
 

Ons ite Geometric Mean Estimated Estimated Dose
 
Surface Water Cone Inveretbrate Invertebrate to Mallard
 

Compound (mg/L) BCF Cone (mg/kg) (mg/kg/day)
 

Lead 3.6E-03 1,700 (a) 6.12 .0669
 

(a) Based on a 28-day test with the snail (Lymnaea patustris) as cited in EPA <1985g).
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places to
 
the left (i.e., 2.4E-03 = 0.0024).
 

1-17
 



the Wells G & H site, it is assumed that a mallard (average weight--!.18 kg
 

(Bellrose 1976;) consumes daily an amount of food equal to 10% of its body
 

weight (J. Beevers, Wildlife International, Easton, MD, personal
 

communication). Based on data of Martin et al. (1951) animals comprise about
 

11% of a mallard's diet averaged over a year. For this assessment it is
 

assumed that the mallard's animal food consists entirely of aquatic
 

invertebrates from the Aberjona River. The estimated animal food contaminant
 

concentration is multiplied by the daily intake rate of 13.0 g/day to
 

determine the daily amount (mg) of chemical ingested from animal food. This
 

chemical intake is then divided by the body weight to determine an estimated
 

dose in mg/kg/day (Table 8-5).
 

Birds may also ingest contaminated soil invertebrates such as earthworms. The
 

importance of earthworms in terrestrial food webs has been reviewed by
 

MacDonald (1983). Bioconcentration values (Table 8-6) for the uptake of
 

contaminants by earthworms have been reported by Diercxsens et al. (1985) and
 

Beyer and Gish (1980). For a number of chemicals no earthworm
 

bioconcentration factors are available. A factor of 1 was assigned to these
 

substances. The American woodcock is used as an indicator species for this
 

potential route of exposure. Earthworms are assumed to comprise 70% of the
 

diet of woodcocks (Sperry 1940 in DeGraaf and Rudis 1987). Daily food intake
 

is estimated to be 34 g based on data for the bobwhite quail (USDA 1988).
 

Dosages (Table 8-6) are calculated as described above for dietary ingestion of
 

contaminants by waterfowl.
 

8.3.4 EXPOSURE OF MAMMALS
 

Since larger mammals, such as deer, were not observed or thought to occur
 

onsite (Alliance 1987), exposure of small mammals such as shrews, raccoons,
 

squirrels, mice, and rats will be assessed. These animals may be exposed to
 

contaminants at the Wells G & H site via ingestion of food, water, or soil or
 

via direct contact with contaminated media. For example, raccoons and skunks
 

are known to prey on small rabbits and rodents and may be exposed to chemicals
 

that have accumulated in these animals. Omnivorous or herbivorous mammals
 

such as muskrats and rabbits could be exposed to chemicals of concern
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by ingesting contaminated vegetation such as grasses and other small land
 

plants These mammals may also inadvertently ingest contaminated soil while
 

feeding. Direct contact of contaminated soil could frequently occur among
 

burrowing animals. Skunks dig and root in the soil while searching for
 

insects and grubs. Rabbits and raccoons groom frequently and are likely to
 

ingest contaminated soil while grooming. Unfortunately, the available data
 

are not adequate to assess exposure via these pathways.
 

Mammals and other terrestrial organisms using the Aberjona River or the
 

wetlands as a source of drinking water may be exposed to contaminants.
 

Chemical concentrations found in the surface water will be used to assess
 

potential impacts to mammals drinking from these waters. The shrew will be
 

used as an indicator species for this potential route of exposure. The daily
 

water intake is estimated to be 2% of body weight for the shrew. This value
 

is based on a value of 3-4% determined in studies with laboratory rodents that
 

received no dietary water (EPA 1985f). A body weight of 18 grams is used for
 

shrews (USDA 1988) (Table 8-4).
 

The potential exposure of mammals to dietary contaminants will be assessed.
 

The shrew will be used as an indicator species. Based on data in USDA (1988),
 

shrews have an average body weight of 18 g and a daily dietary intake of 14
 

g/day. Values for exposure will be calculated for a worst case in which the
 

diet is 100% earthworms and for a case in which the diet is 10% earthworms and
 

90% uncontaminated foods (Table 8-6).
 

8.4 TOXICITY ASSESSMENT
 

A brief description of the toxic effects of the site-related chemicals to
 

biota is provided in Appendix D of this report. In addition, any available
 

chemical - specific standards are identified.
 

The toxicity to aquatic biota of the chemicals of potential concern in surface
 

water can be assessed using the ambient water quality criteria (AWQC)
 

developed by EPA (1986h). These criteria are developed to protect 95% of all
 



aquatic species. Maximum surface water concentrations are compared with acute
 

AWQCs while geometric mean concentrations are compared with chronic AWQCs.
 

EPA is in the process of developing sediment quality criteria (SQC) for the
 

protection of aquatic life exposed to contaminated sediment. Interim SQCs
 

have been developed for nonpolar, hydrophobic organics by the Equilibrium
 

Partitioning Approach (EPA 1988g). This approach assumes that (1) the
 

toxicity and accumulation of contaminants by benthic organisms is correlated
 

with the interstitial water concentration and (2) interstitial water
 

concentrations are controlled by partioning between sediment and water. The
 

fraction of organic carbon (foc) in the sediment must be known or estimated
 

for this approach. For this assessment a value of 18.2%, which is the
 

arithmetic mean value from 3 onsite sediment samples (EBASCO 1988a) will be
 

used.
 

The interim sediment quality criteria (SQC) are estimated by the following
 

equation:
 

SQC = Koc * Cw * foc
 

where
 

SQC = normalized Sediment Quality Criteria (mg/kg);
 

Koc = organic carbon partition coefficient (liter/kg);
 

Cw = interstitial water concentration (mg/liter) which is
 
expected to be protective of aquatic life (e.g. the AWQC);
 
and
 

foc = fraction organic carbon.
 

These SQC, normalized for the fraction organic carbon, are compared with the
 

sediment concentrations in the same way that AWQC are compared with surface
 

water concentrations to estimate potential hazard. SQC for metals are
 

currently being developed by EPA. In the absence of any approved approach,
 

the hazards of sediment metal concentrations will be discussed in relation to
 

invertebrate sediment bioassay data.
 

Toxicity reference values (TRVs) (Table 8-7) will be used to assess the risks
 

of exposures of terrestrial plants, birds, and wildlife to contaminants at the
 



TABLE 8-7
 

SUMMARY OF TOXICITY REFERENCE VALUES (TRVs) FOR BIRDS AND MAMMALS (a)
 

Compound Avian TRV (mg/kg) Mammalian TRV (mg/kg/day)
 

Acetone NA 10 (c)
 
Aluminum NA 0.025 (c)
 
Bis(2-ethylhexyl)phthalate NA 1.9 (c)
 
Chlordane 2.8 (b) 0.0045 (c)
 
DDTr 0.0375 (c) 0.005 (c)
 
trans-1,2-Dichloroethene NA 1.7 (c)
 
Iron NA NA (c)
 
Lead 0.312 (c) 0.005 (c)
 
Methylene chloride NA 5.85 (c)
 
cPAHs (based on benzo[a]pyrene) (d) HA 2E-04 (c)
 
nPAHs (based on naphthalene) (d) NA NA
 
PCBs (Aroclor 1254} 0.375 (c) 1.5E-04 (c)
 
Tetrachloroethene NA 1.4 (c)
 
Toluene NA NA
 
Trichloroethene NA NA
 

(a) References and/or calculations for the TRVs are given in Appendix D.
 

(b) Based on acute toxicity data.
 

(c) Based on subchronic or chronic toxicity data.
 

(d) The polycyclic aromatic hydrocarbons were divided into two groups in the human health
 
exposure and risk sections. These designations are used in this section for consistency
 
rather than to imply any specific toxic response in environmental receptors.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places to
 
the left (i.e., 2.4E-03 = 0.0024).
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site. For terrestrial plants, phytotoxicity data will be compared against
 

soil concentration data. Whenever possible no observed effect levels (NOELs)
 

will be used.
 

For birds, toxicity data from laboratory studies will be compared with
 

exposure data. Information on chronic or subchronic toxicity will be used
 

whenever available. For those compounds for which only acute lethality values
 

for birds are available, toxicity values will be derived by dividing lethality
 

data by an uncertainty factor. In evaluating the potential effects of
 

pesticides on birds, this risk assessment adopts the EPA assumption that there
 

is no acute hazard if the estimated dose is less than one-fifth of the LD50
 

for nonendangered species (Urban and Cook 1986). Therefore, acute toxicity
 

values are derived for birds by dividing the LD50 by 5. Note that this
 

approach does not include assessment of chronic toxicity. A safety factor of
 

10 is applied when bird TRVs are derived from subchronic rather than chronic
 

toxicity data. A safety factor of 10 is also applied if data describe a
 

lowest observed effect level (LOEL) rather than a NOEL. These safety factors
 

are similar to those applied in the derivation of human health criteria.
 

For terrestrial wildlife, the toxicity assessment will focus on effects on
 

mammals since there are generally few data on the effects of contaminants on
 

reptiles and amphibians. TRVs will be based on chronic studies in terrestrial
 

mammalian wildlife whenever possible. Since there are few data for the
 

chronic effects of contaminants on wild species of mammals, laboratory rodent
 

and human studies will often be used as the basis for the TRVs. Studies used
 

bv the EPA in determining chronic oral reference doses (RfDs) (defined in
 

Appendix D) will be used as the bases for the TRVs, when such data exist. In
 

general, these studies will provide NOELs from chronic studies with laboratory
 

rodents. Safety factors of 10 will be applied when such data are LOELs rather
 

than NOELs and when subchronic rather than chronic studies are used.
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8.5 RISK CHARACTERIZATION
 

The environmental receptors discussed in Section 8.2 may be exposed to
 

chemicals present in the Aberjona River, wetlands, and land at the Wells G & H
 

site via surface water, sediments, and soils. This assessment is structured
 

around the potential toxicity of the chemicals of potential concern and the
 

selected potential receptors identified above.
 

8.5.1 RISKS TO FISH AND AQUATIC LIFE
 

8.5.1.1 Surface Water
 

Potential risks to aquatic life are estimated by comparing the measured
 

surface water concentration with the AWQC or the selected toxicity value for
 

each chemical of concern. Average surface water concentrations are compared
 

with chronic (4-day average) criteria, and maximum surface water
 

concentrations are compared with acute (1-hour maximum) criteria in Table 8-8.
 

For the contaminants for which no AWQC exist, these surface water
 

concentrations are compared with measured or estimated chronic and acute
 

toxicity values (preferably NOELs or LOELs) obtained from the literature.
 

Chemicals at concentrations that equal or exceed the LOELs, or exceed the
 

NOELs, may pose an increased risk to the aquatic life of the area.
 

For the phthalates, EPA (1986h) reported a chronic LOEL of 3 ug/liter. This
 

value is exceeded by the geometric mean concentration onsite (5.9 ug/liter)
 

for butylbenzyl phthalate. Bis(2-ethylhexyl) phthalate (38 ug/liter upstream;
 

100 ug/liter onsite) and di-n-octyl phthalate (5.0 ug/liter onsite) also
 

exceeded this value. No mean values were available because these compounds
 

were only detected once at each site.
 

The chronic AWQC of 87 ug/liter for aluminum (EPA 1986h) was exceeded at the
 

downstream site (geometric mean of 247 ug/liter). For iron, EPA (1986h)
 

issued an advisory value of 1000 ug/liter for acute and chronic effects. This
 

value was exceeded at all three sampling sites. Iron and aluminum are the
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second and third most abundant metals in the earth's crust, respectively (Hem
 

1985) ; it is likely that concentrations found in the river are due to
 

naturally occurring conditions with the source of these constituents being the
 

clay and peat present in river sediments rather than anthropogenic inputs
 

related to the site. Additionally, the presence of peat can act to keep these
 

elements dissolved in river water at higher levels than expected based on
 

strict physical and chemical properties of the elements (Stevenson 1982).
 

The chronic AWQC for lead is 4.5 ug/liter based on a calculated water hardness
 

of 131 mg CaC03/liter for the onsite station. This value was exceeded at the
 

downstream site where the geometric mean value was 7.8 ug/liter.
 

These data indicate that contaminants are present at all three sites in excess
 

of EPA criteria levels. Levels of these contaminants were generally higher at
 

the site and downstream stations. In most cases, these levels have been
 

reported to cause chronically rather than acutely toxic effects.
 

8.5.1.2 Sediments
 

The potential risks to aquatic life from nonpolar, hydrophobic organics can be
 

estimated by comparing geometric mean sediment concentrations with SQCs
 

normalized for organic carbon content (Table 8-9). None of the SQCs are
 

exceeded. Sediment concentrations are 16-28,000 times lower than the SQCs.
 

No SQCs are available for the other organic compounds or for the metals
 

detected in the sediments.
 

The risks of metal contaminants in sediments can be assessed by comparing
 

onsite concentrations with concentrations tested in laboratory bioassays. Few
 

laboratory studies measure sediment metal concentrations. Such comparisons
 

are fvirther complicated by differences in sediment foc. pH, and redox
 

potential which affect the bioavailability and toxicity of metals (Hamelink
 

1980; Besser and Rabeni 1987). In a laboratory study, Cairns et al. (1984)
 

reported that 10-day LC50s for aquatic invertebrates ranged from 857 to 2,296
 

mg copper/kg sediment. For Daphnia magna, these authors reported 2-day LC50s
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TABLE 8-9
 

Comparison of Geometric Mean Sediment Concentrations
 
With Sediment Quality Criteria
 

Geometric Mean Sediment Ambient Water Sediment
 
Concentration (mg/kg) Quality Criteria Quality
 

Koc or Other Value (a) Criteria
 
lorn pound Upstream Site Downstream (I/kg) (ing/ 1) (mg/kg) (b)
 

^cenapthene 
\cenaphthylene 
Mdrm 

ND 
ND 
NA 

0.16 
ND 

0.0165 

0.078 
0.0726 

ND 

12882 
6457 
40738 

0.057 
0.0012 
0.003 

133.6 
1.4 

22.2 
"^Anthracene MA 0.195 NA 14454 0.0012 3.2 
Benzo(a)anthracene 
*3enzo(a)pyrene 
tenzo(b)f luoranthene 
3enzo(g,h,i )perylene 

~ Benzo(k)f luoranthene 
Bis(2-ethylhexyl)phthalate 
"hrysene 
) ibenzo( a, h) anthracene 
luoranthene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.439 
0.426 
0.511 
0.271 
0.41 
0.532 
0.515 
0.174 
0.767 

0.0363 
0.149 

NA 
0.158 
0.0872 

NA 
0.0591 

NA 
1.991 

436516 
891251 
1445440 
5888437 
2511886 
87100 
177828 
389045 
144544 

0.003 
0.0012 
0.0012 
0.0012 
0.0012 
0.940 
0.0012 
0.0012 
0.013 

238.3 
194.6 
315.7 
1286.0 
548.6 

14901.1 
38.8 
85.0 
342.0 

Indenod ,2,3-c,d)pyrene 
Naphthalene 
""henanthrene 

NA 
ND 
NA 

0.288 
NA 

0.487 

0.159 
0.0751 
0.0744 

14791084 
1413 
22387 

0.0012 
0.62 

0.0063 

3230.4 
159.4 
25.7 

'yrene NA 0.687 NA 100000 0.013 236.6 

NA = Not applicable; mean not calculated with only on positive detection.
 

ID = Not detected.
 

(a)	 For PAHs where no toxicity data are available, the value for benzo(a)pyrene is
 
substituted to obtain a rough estimate of a sediment quality criteria (SQC) for comparison.
 

b) Obtained by multiplying AWQC or other toxicity value first by the
 
_ organic carbon partitioning coefficient (Koc) and then by the fraction organic
 

carbon (18.2%).
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of 681 and 937 rag/kg. The geometric mean and maximum onsite copper sediment
 

concentrations were 154 and 3010 mg/kg, respectively. The laboratory studies
 

were performed in sediments with 1.8% and 3.0% foc while the site sediment
 

averaged 18.2% foc. Such differences may strongly influence bioavailability
 

and toxicity. Nevertheless, the presence of copper at its maximum
 

concentration does exceed these LC50 values and may pose a hazard to aquatic
 

invertebrates. No similar laboratory data were found for the other metals
 

detected in the site sediment.
 

In a limited ecological investigation of Wells G & H , Alliance (1987)
 

reported a decrease in both species numbers and abundance of Aberjona River
 

invertebrates onsite when compared to areas not expected to be impacted by the
 

site. Stressed natural communities will typically show a decrease in species
 

richness (number of species) due to a loss of the most sensitive species. At
 

a number of sites in the Aberjona River and wetlands, Alliance (1987) reported
 

few or no aquatic invertebrates. In other sites, the community was dominated
 

by tubificid worms, which have been reported to be tolerant of polluted
 

conditions (Alliance 1987).
 

Samples taken from an area of the Aberjona River (SD-6 in Figure 7-3) had
 

highly elevated (above background) levels of arsenic, chromium, copper, and
 

zinc. In 1987 sediment samples, concentrations of these metals were 3630
 

mg/kg, 1250 mg/kg, 3010 mg/kg, and 5170 mg/kg, respectively. Three samples
 

were taken from this area in 1988. Maximum 1988 concentrations were 732 mg/kg
 

for arsenic, 778 mg/kg for chromium, 1260 mg/kg for copper, and 6000 mg/kg for
 

zinc. Maximum background sediment concentrations were 24 mg/kg for arsenic,
 

18.8 mg/kg for chromium, 25 mg/kg for copper, and 79.4 mg/kg for zinc. In
 

this area of the Aberjona River, Alliance (1987) found extremely low
 

abundances of invertebrates with few species represented. No zooplankton were
 

found. The small numbers of amphipods that were observed were reported to be
 

"half the size" of amphipods found at other sites.
 

On the basis of the ecological investigation and the sampling data, it is
 

likely that the aquatic invertebrate community is being stressed by the
 



presence of contaminants. Quantification of the potential for most of the
 

sediment-bound metals to taioaccumulate or cause toxic effects in aquatic biota
 

is not possible.
 

8.5.2 RISKS TO TERRESTRIAL SPECIES
 

This section will discuss risks to plants, birds, and mammals that may inhabit
 

the Wells G & H site.
 

8.5.2.1 Risks to Plants
 

The geometric mean concentrations of chemicals of potential concern in soils
 

at the Olympia Nominee Trust and Wildwood Conservation Corporation properties
 

are compared with known phytotoxic concentrations in Table 8-10. None of the
 

chemicals of concern were present at concentrations exceeding the plant
 

toxicity reference values.
 

8.5.2.2 Risks to Terrestrial Wildlife
 

Birds - Drinking of Surface Water. The exposure (Table 8-4) and risks
 

(Table 8-11) of birds to contaminants by drinking surface water are estimated.
 

Bird TRVs were only available for lead. In this case the estimated dose is
 

about 0.4% of the TRV. Thus, this potential route of exposure does not appear
 

to pose a risk to birds.
 

Waterfowl - Dietary Contaminants. The estimated exposure of the mallard
 

to lead bioconcentrated by invertebrates is 0.0669 mg/kg/day as seen in Table
 

8-5. This value is approximately 21% of the bird TRV of 0.312 mg/kg/day
 

(Table 8-12). However, it was not possible to quantify the contribution of
 

lead or other metals in the Aberjona River sediments to the body burden in
 

aquatic invertebrates. In the absence of invertebrate body burden data, it is
 

not possible to firmly conclude that there is no risk to waterfowl from
 

dietary contaminants.
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TABLE 8-10
 

RISKS TO PLANTS FROM CONTAMINANTS IN SURFACE SOILS AT THE
 
OLYMPIA NOMINEE TRUST AND U1LDUOOD CONSERVATION CORPORATION PROPERTIES
 

Geometric Mean Soil 
Concentration (mg/kg) Plant Toxicity

Reference Value 
Chemical Olympia Wi Idwood (mg/kg) 

...
Acetone 0.0814 NA
 

...
Bis(2-ethylhexyl )phthalate 0.407 200 (a) (b)
 
Chlordane 0.0681 NA
 

—
DDTr 9.22E-03 0.0119 12.5 (c)
 
trans-1 ,2-Dichloroethene 4.07E-03 NA
 

—
Methylene chloride 0.0221 NA
 
—
cPAHs Cd) 0.0313 1.1 NA
 

nPAHs (d) 0.0169 0.713 NA
 
Pentachlorophenol NA
 — —
 —
Phenol NA
 —
 PCBs (e) 0.228 2.5 (a)
 —
 —
Tetrachloroethene 7.44E-03 NA
 
Toluene 6.21E-03 NA
 —
 ...
Trichloroethene 0.0818 NA
 

(a) No observed effect level.
 

(b) Based on data for di-n-butyl phthalate.
 

(c) Lowest observed effect level (LOEL).
 

(d) The polycyclic aromatic hydrocarbons were divided into two groups in
 
the human health exposure and risk sections. These designations are
 
used in this section for consistency rather than to imply any specific
 
toxic response in environmental receptors.
 

(e) Polychlorinated biphenyls.
 

NA = Insufficient information available.
 

NOTE: Scientific notation (such as 2E-06) is a shorthanded way of
 
indicating decimal places, (i.e., the magnitude of the number).
 
A negative exponent indicates that the decimal should be moved the
 
specified number of places to the left (i.e., 2.4E-03 = 0.0024).
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TABLE 8-11
 

RISKS TO WILDLIFE FROM DRINKING OF SURFACE WATER CONTAMINANTS
 

Estimated Estimated Mammalian
 
Woodcock Dose Bird TRV (a) Shrew Dose TRV (a)


Chemical (mg/kg/day) (mg/kg/day) <mg/kg/day) (mg/kg/day)
 

Aluminum 0.0272 NA 1.50E-03 0.025
 

Bis(2-ethylhexyl)phthalate 0.0359 NA 2.01E-03
 1.9
 

Iron 0.470 NA 0.0262 NA
 

Lead 1.30E-03 0.312 7.11E-05 0.005
 

(a) Toxicity Reference Value - see text and Table 8-7 for derivation.
 

NA = Insufficient information available.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places to
 
the left (i.e., 2.4E-03 = 0.0024).
 



TABLE 8-12
 

RISKS TO WATERFOWL FROM INGESTION OF
 
CONTAMINANTS IN INVERTEBRATES
 

Estimated Dosage
 
to Mallard
 

Chemical (mg/kg/day) Bird TRY (a)
 

Lead 0.0669 0.312
 

(a) Toxicity Reference Value - see text and
 
Table 8-7 for derivation.
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Birds - Ingestion of Earthworms from Contaminated Soils. Estimated
 

exposures to birds through this potential route of exposure are given in Table
 

8-6 for the Olympia Nominee Trust and Wildwood Conservation Corporation
 

properties. Risks are given in Tables 8-13 for the Olympia Nominee Trust
 

property and Table 8-14 for the Wildwood Conservation Corporation property.
 

The presence of elevated levels of DDT residues (DDTr) and PCBs in surface
 

soils may pose a risk to birds through this potential route of exposure. At
 

Olympia, the estimated dose of DDTr is slightly less than the TRV. At the
 

Wildwood Conservation Corporation property, the estimated dose of DDTr
 

slightly exceeds the TRV, while the estimated dose of PCBs is about half the
 

TRV.
 

PCBs and DDT are highly persistent in the environment and have been shown to
 

bioaccumulate in terrestrial food chains. Thus, beside posing a risk to birds
 

that directly consume earthworms, these contaminants may be passed on to
 

predators and scavengers. There are numerous studies relating DDT and PCBs to
 

effects such as reduced eggshell thickness, reduced fecundity, and an overall
 

decline in reproductive capacity and survival (Murphy 1980; Eisler 1986). It
 

is concluded that the presence of these contaminants in surface soils at the
 

Olympia Nominee Trust and Wildwood Conservation Corporation properties may
 

pose a risk to bird populations.
 

Mammals - Drinking of Surface Water. The exposure (Table 8-4) and risks
 

(Table 8-11) of this potential route of exposure are evaluated. Mammalian
 

TRVs were available for aluminum, bis(2-ethylhexyl)phthalate. and lead. For
 

aluminum the estimated dose was 6% of the TRY. For bis(2-ethylhexyl)
 

phthalate the estimated dose was about 0.1% of the TRV, while for lead the
 

estimated dose was about 1.4% of the TRV. This potential route of exposure
 

does not appear to pose a risk to mammalian wildlife.
 

Mammals - Ingestion of Earthworms from Contaminated Soils. Estimated
 

exposures of mammals through this potential route are given in Table 8-6. A
 

range is given in order to estimate doses for worst case (100% earthworm) and
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TABLE 8-13
 

RISKS TO WILDLIFE FROM INGEST I ON OF CONTAMINANTS IN EARTHWORMS
 
IN OLYMPIA NOMINEE TRUST PROPERTY SURFACE SOILS
 

Estimated 
Range of 

Estimated Mamma I i an 

Chemical 
Woodcock Dose 
(mg/kg/day) 

Bird TRV (a) 
(mg/kg) 

Shrew Doses 
(mg/kg/day) 

TRV (a) 
(mg/kg/day) 

DDTr 0.0329 .0375 0.0183-0.183* 0.005 

cPAHs (c) 4.38E-3 NA 0.0024-0.0243* 2E-4 (b) 

nPAHs (c) 2.37E-3 NA 0.0013-0.0131 NA 

(a) Toxicity Reference Value - see text and Table 8-7 for derivation.
 

(b) Value for benzo(a)pyrene.
 

(c) The polycyclic aromatic hydrocarbons were divided into two groups in the
 
human health exposure and risk sections. These designations are used in this
 
section for consistency rather than to imply any specific toxic response in
 
environmental receptors.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places
 
to the left (i.e., 2.4E-03 = 0.0024).
 

NA = Insufficient information available.
 

* = Exceeds TRV.
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TABLE 8-14
 

RISKS TO WILDLIFE FROM INGESTION OF CONTAMINANTS IN EARTHWORMS
 
IN WILDWOOO SURFACE SOILS
 

Range of
 
Estimated Estimated Mamma I i an
 

Woodcock Dose Bird TRV (a) Shrew Doses TRV (a)
 
Chemical (mg/kg/day) (mg/kg) (mg/kg/day) (mg/kg/day)
 

Acetone 0.0114 NA 0.0063-0.0633
 
Bis(2-ethylhexyl )phthalate 0.0570 NA 0.0317-0.317 1.9
 
Chlordane 9.53E-03 2.8 0.0053-0.0530 * 4.5E-03
 
DDTr 0.042 * 0.0375 0.0236-0.236 * 5E-03
 
trans-1 ,2-Dichloroethene 5.70E-04 NA 0.00032-0.00317 1.7
 
Methylene chloride 3.19E-03 NA 0.00172-0.0172 5.85
 
cPAHs (c) 0.154 NA 0.0856-0.856 * 2E-04 <b)
 
nPAHs (c) 0.0998 NA 0.0555-0.555 NA
 
PCBs (d) 0.186 0.375 0.103-1.03 * 1.5E-04
 
Tetrachloroethene 1.04E-03 NA 0.00058-0.00579 1.4
 
Toluene 8.69E-04 NA 0.00048-0.00483 NA
 
Trichloroethene 0.0115 NA 0.00636-0.0636 NA
 

(a) Toxicity Reference Value - see text and Table 8-7 for derivation.
 

(b) Value for benzo(a)pyrene.
 

(c) The polycyclic aromatic hydrocarbons were divided into two groups in the
 
human health exposure and risk sections. These designations are used in this
 
section for consistency rather than to imply any specific toxic response in
 
environmental receptors.
 

(d) Polychlorinated biphenyls.
 

NA = Insufficient information available.
 

* = Exceeds TRV.
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places
 
to the left (i.e., 2.4E-03 = 0.0024).
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lesser case (10% earthworm) diets. Risks for the Olympia Nominee Trust and
 

Wildwood Conservation Corporation properties are given in Tables 8-13 and 8

14, respectively. For the Olympia Nominee Trust property, the estimated doses
 

for DDT and cPAHs exceed the TRVs. For Wildwood Conservation Corporation
 

property, the estimated doses for chlordane, DDTr, cPAHs, and PCBs exceed the
 

TRVs. For nearly all of these contaminants, the estimated doses from the 10°/
 

earthworm diet exceeds the TRVs by at least a factor of 10. The health
 

effects of these substances are summarized in Appendix D. On the basis of
 

this risk assessment, it is concluded that the presence of these chemicals in
 

surface soils at the Olympia Nominee Trust and Wildwood Conservation
 

Corporation properties is likely to pose a chronic risk to wild mammal
 

populations.
 

8.5.3 RISKS TO RARE SPECIES
 

Insufficient information is available to determine the presence of two rare
 

crustacean species within the site boundaries.
 

8.6 SUMMARY AND CONCLUSIONS
 

Potential risks to environmental receptors have been evaluated based on the
 

results of site monitoring data, a review of the toxicity of the chemicals of
 

concern, and estimates of exposure. The assumptions used in estimating
 

exposures and deriving toxicity reference values have been described in this
 

assessment. The results of this environmental risk assessment are summarized
 

below.
 

Aquatic life may be at risk from exposure to aluminum, iron, lead, and three
 

phthalates (bis(2 -ethylhexyl)-, butylbenzyl-, and di-n-octyl phthalate) in
 

surface water. Concentrations reported at the site and downstream exceeded
 

chronic AWQCs. The concentrations of aluminum and iron, however, are unlikely
 

to have resulted from site-related anthropogenic inputs. The presence of the
 

phthalates could be due to laboratory contamination rather than due to site-


related activities. All of the contaminants in surface water were detected at
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concentrations associated with chronic rather than acute toxicity.
 

The maximum concentration of copper reported in the site sediments exceeds
 

laboratory LC50 concentrations for several invertebrate species. Levels of
 

arsenic, chromium, and zinc were elevated above background but conclusions
 

cannot be drawn due to a lack of data linking sediment concentrations with
 

effects. Qualitative field observations of decreases in abundance and
 

diversity of aquatic invertebrates also suggest adverse conditions for aquatic
 

life.
 

Waterfowl in the Aberjona River and marsh areas may obtain contaminants
 

through their consumption of aquatic invertebrates. The ingestion of lead
 

that has been bioconcentrated by invertebrates does not appear to pose a
 

substantial risk to ducks. No conclusions can be made on the risks to
 

waterfowl from ingestion of contaminated invertebrates in the absence of body
 

burden data for either invertebrates or waterfowl.
 

Terrestrial birds and mammals can obtain contaminants by drinking surface
 

water at the site. However, the levels of contaminants obtained through this
 

route are much lower than known toxic levels, and significant risks are not
 

expected from this route of exposure.
 

Some species of birds, such as woodcocks which feed predominantly on
 

earthworms, may obtain potentially hazardous doses DDT and PCBs. The
 

persistence of DDTr and PCBs in terrestrial ecosystems is cause for concern
 

that predators and scavengers may also be adversely affected.
 

Mammals such as the shrew, which also consume large number of earthworms, may
 

be at risk. Chlordane, DDTr, PAHs and PCBs are the chemicals of concern.
 

These substances are known to cause chronic toxic effects in laboratory
 

rodents. In most cases, estimated doses exceeded toxicity reference values by
 

at least a factor of 10.
 

8-37
 



9.0 UNCERTAINTIES IN RISK ASSESSMENT
 

The procedures and inputs used to assess risks in this evaluation, as in all
 

such assessments, are subject to a wide variety of uncertainties. In
 

general, there are the following main sources of uncertainty:
 

• Environmental chemistry sampling and analysis
 

• Environmental parameter measurement
 

• Fate and transport modeling
 

• Exposure parameter estimation
 

• Toxicological data
 

Uncertainty in environmental sampling arises in part from the potentially
 

uneven distributions of chemicals in the media samples. Typically, this
 

problem is encountered more frequently in soil than water or air. The
 

collection of grab samples allows an estimate- of the variation in the chemical
 

concentration in the area to be made. Compositing samples is considered to
 

provide a good estimate of the average chemical concentrations in the area
 

sampled. However, it may act to dilute hot spots and thus lead to an
 

underestimation of maximum plausible exposures.
 

Environmental chemistry analysis error can stem from several sources including
 

the errors inherent in the analytical methods, chain of custody problems, or
 

the characteristics of the matrix being sampled. Procedural or systematic
 

error was minimized by subjecting EPA collected data to a strict laboratory
 

quality control review and data validation process. In the case of
 

groundwater samples collected at the Unifirst Property, data collected by both
 

EPA and Unifirst were used in this Endangerment Assessment. Only EPA
 

collected soil data were used. Based on the data validation, no data were
 

considered unusable with the exception of data qualified with an "R"
 

indicating a rejected value, other data were qualified but were considered
 

useable. For example, some of the samples were qualified during validation as
 

being an estimated value. These concentrations were subsequently used to
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calculate geometric means and in some cases, were the maximum value detected.
 

Hence, risks calculated using these results may be under- or overestimated.
 

Another analytical problem potentially affecting the risk assessment concerns
 

the sample detection limits attained for the chemicals of concern at the Wells
 

G & H site. Although certain chemicals were not detected in groundwater or
 

soils and sediments at the Wells G & H site, the sample detection limits may
 

have been higher than either ARARs or levels indicative of significant risk.
 

It is uncertain, therefore, whether these chemicals are present above or below
 

a level of concern in these media at the Wells G & H site. If these chemicals
 

were present at levels below the detection limit but above the levels of
 

concern, exclusion of these chemicals from the risk assessment would underes

timate the risks associated with certain exposures. If, on the other hand,
 

chemical concentrations are below both the detection limit and the levels of
 

concern, their exclusion would not significantly impact the risk estimates.
 

Air models were used to predict dust concentrations generated by dirt bike
 

riders at the Olympia Nominee Trust Company and Wildwood Conservation
 

Corporation properties and the concentration released from soil volatilization
 

of organic compounds at the Wildwood Conservation Corporation property.
 

The air models require specification of numerous input parameters before
 

execution. Site-specific data was used whenever possible for defining the
 

values of the input parameters. However, various parameters, such as emission
 

rates, had to be estimated, with the net result being either an over- or
 

underestimation of the risks.
 

In addition, the inability of the air models to exactly duplicate the complex
 

full-scale dispersion process results in discrepancies between modeled and
 

measured concentrations at receptors. The model concentrations tend to
 

overestimate the expected values from field measurements since the modeled
 

values assume a constant wind speed and direction which will not be found in
 

nature. Thus the air model results presented in this risk assessment should
 

represent an upper bound for expected concentrations at receptors.
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With respect to the exposure scenarios evaluated in this risk assessment,
 

there are several uncertainties in determining the exposure parameters that
 

will go into the scenario and that will ultimately be combined with
 

toxicological information to assess risk. For example, there are a number of
 

uncertainties regarding estimates of how often, if at all, an individual would
 

come into contact with the chemicals of concern and the period of time over
 

which such exposures would occur. For example, the Wildwood Conservation
 

Corporation property was evaluated assuming the fence which currently
 

surrounds the property did not exist. Thus, the exposures calculated in this
 

assessment at the Wildwood Conservation Corporation property tend to
 

overestimate actual conditions as they currently exist, but provide a measure
 

of potential exposures should the fence not exist. In addition, other
 

standard assumptions used throughout this assessment (e.g., ingestion of 2
 

liters of water a day, 70 kg average body weight, and 70 year lifetime), have
 

been used when site-specific data are not available. Risks for certain
 

individuals within an exposed population will be higher or lower depending on
 

their actual drinking water intakes, body weights, and exposure.
 

Toxicological data are another source of uncertainties in this risk
 

assessment. As EPA notes in its Guidelines for Carcinogenic Risk Assessment
 

(EPA 1986b): There are major uncertainties in extrapolating both from animals
 

to humans and from high to low doses. There could be important species
 

differences in uptake, metabolism, and organ distribution of carcinogens, as
 

well as species and strain differences in target site susceptibility. Human
 

populations are variable with respect to genetic constitution, diet,
 

occupational and home environment, activity patterns and other cultural
 

factors.
 

A particular problem is also presented by the necessity to perform risk
 

assessments for polycyclic aromatic hydrocarbons (PAHs). PAHs occur in the
 

environment as complex mixtures of many components. Only a few components of
 

these mixtures have been adequately characterized, and only limited
 

information is available on potential synergistic effects of the PAH mixture.
 

The approach adopted by EPA (1980, 1984d) and used in this report as the basis
 

for risk assessment is to divide the PAHs into two subclasses, "carcinogenic"
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PAHs and "noncarcinogenic" PAHs, and to apply a cancer potency factor derived
 

from oral bioassays on benzo[a]pyrene (B[a]P) to the subclass of carcinogenic
 

PAHs. Most evidence indicates that benzo[a]pyrene is more potent than most of
 

the other carcinogenic PAHs and a mixture of carcinogenic PAHs (Schmahl et al.
 

1977, Pfeiffer 1977). However, the relative cancer potency factor of mixtures
 

of carcinogenic PAHs found at the Wells G & H site compared to that of B(a)P
 

is unknown. It is unknown whether the risk assessment underestimates or
 

overestimates the potential risk from exposure to PAHs.
 

There is also a great deal of uncertainty in assessing the toxicity of a
 

mixture of chemicals. In this assessment, the effects of exposure to each of
 

the contaminants present in the environmental media have initially been
 

considered separately. However, these substances occur together at the site,
 

and individuals may be exposed to mixtures of the chemicals. Prediction of
 

how these mixtures of toxicants will interact must be based on an
 

understanding of the mechanisms of such interactions. The interactions of the
 

individual components of chemical mixtures may occur during absorption,
 

distribution, metabolism, excretion, or activity at the receptor site.
 

Individual compounds may interact chemically, yielding a new toxic component
 

or causing a change in the biological availability of an existing component,
 

or may interact by causing different effects at different receptor sites.
 

Suitable data are not currently available to rigorously characterize the
 

effects of chemical mixtures similar to those present at the Wells G & H site.
 

Consequently, as recommended in EPA's Superfund Public Health Evaluation
 

Manual (EPA 1986a) and in EPA's Guidelines for Health Risk Assessment of
 

Chemical Mixtures (EPA 1986c), chemicals present at the Wells G & H site were
 

assumed to act additively for chemicals with similar toxicity endpoints.
 

Hazard indices for chemicals exhibiting noncarcinogenic effects were
 

segregated for chemicals exhibiting similar toxicity endpoints when summation
 

of all the CDI:RfD ratios exceeded unity. The potential for synergistic or
 

antagonistic interactions among the chemicals are not considered.
 

Where possible in this risk assessment, the potential impacts of exposures of
 

a particular population to chemicals of concern via more than one exposure
 

medium have been considered. For example at the Olympia Nominee Trust Company
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of all the CDI:RfD ratios exceeded unity. The potential for synergistic or
 

antagonistic interactions among the chemicals are not considered.
 

Where possible in this risk assessment, the potential impacts of exposures of
 

a particular population to chemicals of concern via more than one exposure
 

medium have been considered. For example at the Olympia Nominee Trust Company
 

property and at the Wildwood Conservation Corporation property, exposures
 

through contact with soil and inhalation of dust were evaluated, and the
 

combined risks are discussed in the multimedia exposure subsection of the
 

property related section. Additional potential risk for populations exposed
 

to contaminants from sources other than the property being discussed has not
 

been formally considered. This may underestimate the potential impacts on
 

future populations exposed by all of these routes.
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10.0 SUMMARY AND CONCLUSIONS
 

This endangerment assessment for the Wells G & H site is a baseline
 

assessment, which evaluates potential impacts to human health and the
 

environment in the absence of remedial action under both current- and future-


use scenarios. The site was divided into six areas which were treated
 

individually. The areas determined to be sources of contamination to the
 

aquifer are properties belonging to: W.R. Grace and Company, New England
 

Plastics Company, Olympia Nominee Trust, Unifirst Corporation, Wildwood
 

Conservation Corporation. The sixth area evaluated is referred to as the
 

central area and includes the area surrounding Wells G & H, the Aberjona
 

river, and the wetlands. An evaluation of risk was performed for each area.
 

This evaluation included selecting chemicals of potential concern on an area
 

by area basis based on sampling of environmental media and toxicity
 

considerations and examining possible exposures to human and environmental
 

populations. The findings are summarized in Table 10-1 and below.
 

10.1 W. R. GRACE AND COMPANY
 

Chemicals of potential concern selected for the groundwater were bis(2

ethylhexyl)phthalate, 1,2-dichloroethane, 1,1-dichloroethene, trans-1,2

dichloroethene, tetrachloroethene, trichloroethene, and vinyl chloride. No
 

chemicals of potential concern were selected for the soils, surface water, or
 

sediments.
 

Under current land-use conditions, there are no exposure pathways by which
 

human receptors could potentially be exposed to site contaminants. Under
 

future use conditions, exposure pathways related to groundwater use were
 

considered assuming the land use changed to residential property Average and
 

plausible maximum exposure scenarios were developed for ingestion of
 

groundwater and inhalation of volatiles released while showering. The
 

conclusions are summarized as follows:
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TABLE 10-1
 

SUMMARY TABLE OF ESTIMATED RISKS ASSOCIATED WITH
 
EXPOSURE AT THE WELLS G & H SITE
 

LOCATION
 

U. R. Grace and Company
 

Ingest ion of Groundwater
 
Inhalation of Votatiles Released
 

while Showering
 

New England Plastics Corporation
 

Inhalation of Volatiles Released

During Industrial Processes
 
by Industrial Workers
 

Dermal Contact and Incidental

Ingestion of Surface Soil
 
by Industrial Workers
 

Inhalation of Volatiles Released

from Soil by Industrial Workers
 

Future Exposure to Surface Soil

Future Inhalation of Volatiles


Released from SoiI
 
Future Ingestion of Groundwater

Future Inhalation of Volatiles


Released While Showering
 

Olympia Nominee Trust Company
 

Dermal Contact and Incidental
 
Ingestion of Soi I by
 
Industrial Workers
 

Dermal Contact and Incidental
 
Ingestion of Soil by Young Adults
 

Inhalation of Dust Generated
 
While Dirtbike Riding
 

Future Exposure to Surface Soi I
 
Future Ingestion of Groundwater
 
Future Inhalation of Volatiles
 

Released While Showering
 

Umfirst Corporation
 

Future Ingestion of Groundwater
 
Future Inhalation of Volatiles
 

Released While Showering
 
Future Exposure to Surface Soi I
 

Wi Idwood Conservation Corporation
 

Dermal Contact and Incidental
 
Ingestion of Soi I
 
-	 Surface Soi I
 
-	 Northern Sludges
 
Southern Sludges
 

Inhalation of Dust Generated
 
Whi le Dirtbike Riding
 
-	 Surface Soi I
 
-	 Northern Sludges
 

Southern Sludges
 

RISK
 

PLAUSIBLE
 
AVERAGE MAXIMUM


2E-03 2E-01 
4E-04 5E-02 

 1E-07 1E-06


 7E-08 4E-05


 3E-13 1E-09


 1E-08 8E-04

 3E-12 1E-08


 8E-05 5E-04

 6E-06 3E-05


5E-10 3E-06
 

2E-09 3E-06
 

3E-08 5E 06
 

2E-08 6E-05
 
4E-04 1E-03
 
9E-06 4E-04
 

1E-03 4E 02
 
3E-04 1E-02
 

8E-10 4E-08
 

7E-08 7E-05
 
8E-07 5E 05
 
2E-07 2E 05
 

1E-07 3E 05
 
5E-07 3E-05
 
7E-08 3E 06
 

HAZARD INDEX
 

PLAUSIBLE
 
 AVERAGE MAXIMUM
 

(0.2) (24)
(0 .2 ) (23) 

 <1 (0.007) <1 (0.06)
 

 <1 (0.005) <1 (0.7)
 

 <1 (8E-09) <1 (4E-05)
 

 <1 (0.02) >1 (4)
 
 <1 (1E-08) <1 (2E-04)
 

 <1 (0.08) <1 (0.5)
 
 <1 (0.07) <1 (0.4)
 

<1 (0.002) <
 

<1 (0.01) <
 

<1 (2E-05) <
 

<1 (0.009) <
 
<1 (0.2) <
 
<1 (0.02) <
 

1 >
 
<1 (0.9) >
 

<1 (8E 07) <
 

<1 (0.02) >
 
<1 (0.4) >
 
<1 (0 3) >
 

<1 (0.002)
 
<1 (0.004) <
 
<1 (0.0005) <
 

1 (0.3)
 

1 (0.9)
 

1	 (0.001)
 

1 (0.8)
 
1 (0.7)
 
1 (0.06)
 

1 (47)
 
1 (41)
 

1	 (4E-05)
 

1 (2)
 
1 (12)
 
1 (18)
 

1
 
1 (0.5)
 
1 (0.3)
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places
 
to the left (i.e., 2E-03 = 0.002).
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TABLE 10-1 CONTINUED
 

SUMMARY TABLE OF ESTIMATED RISKS ASSOCIATED WITH
 
EXPOSURE AT THE WELLS G & H SITE 

LOCATION RISK HAZARD INDEX 

AVERAGE
PLAUSIBLE 

 MAXIMUM AVERAGE 
PLAUSIBLE 
MAXIMUM 

WiIdwood Conservation Corporation Continued
 

Future Exposure to Surface Soil
 
- Surface Soil	 7E-07 2E-03 <1 (0.01) >1 (3)
 
- Northern Sludges	 8E-06 1E-03 <1 (0.3) >1 (14)
 
- Southern Sludges	 2E-06 4E-04 <1 (0.2) >1 (20)
 

Future Inhalation of Volatiles
 
Released from SoiI
 
- Surface Soil	 3E-07 1E-04 <1 (0.0009) -O (O.B)
 
- Northern Sludges	 1E-07 2E-04 <1 (0.002) <1 (0.3)
 
- Southern Sludges 1E-09 1E-05 <1 (2E-06) <1 (0.2)
 

Future Ingestion of Groundwater 8E-04 2E-01 <1 (0.2) >1 (116)
 
Future Inhalation of Volatiles 2E 04 7E-02 <1 (0.08) >1 (96)
 

Released While Showering
 

Nonsource Area of Wells G&H
 

Inhalation of Volatiles Released 2E-06 3E-05 <1 (0.1) <1 (0.3)
 
During Industrial Processes
 
by Industrial Workers
 

Dermal Contact and Incidental 2E-09 1E-07 <1 (0.03) <1 (0.2)
 
Ingestion of SoiI
 

Incidental Ingestion of
 
Surface Water
 
- Adults	 4E-11 1E-08 <1 (2E-05) <1 (8E-04)
 
- Children	 2E-09 6E-08 <1 (0.001) <1 (0.02)
 

Dermal Contact and Incidental
 
Ingestion of Sediments
 
- Adults	 3E-07 4E 04 <1 (0.002) <1 (0.09)
 
- Children 8E-07 2E 04 <1 (0.003) <1 (0.02)
 

Future Ingestion of Groundwater 4E-05 3E-04 <1 (0.1) 1
 
Future Ingestion of Groundwater
 

Containing Radionuclides
 
- Gross Alpha Particles -- -- >1 (3) >1 (35)
 
- Gross Beta Particles
 

- Strontium-90	 -- - <1 (0.6) >1 (4)
 
- Tritium	 -- -- <1 (3E-04) <1 (0.002)
 

- Radium	 -- -- <1 (0.2) 1
 
- Uranium	 -- -- <1 (0.03) <1 (0.05)
 

Future	 Inhalation of Volatiles 4E-06 3E-05 <1 (0.05) <1 (0.6)
 
Released While Showering
 

NOTE: Scientific notation (such as 2E-06) is a shorthand way of indicating
 
decimal places, (i.e., the magnitude of the number). A negative exponent
 
indicates that the decimal should be moved the specified number of places
 
to the left (i.e., 2E-03 = 0.002).
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Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 2xlO~3 and ZxlCT1 for the average and
 
plausible maximum cases, respectively. The hazard index was less than
 
1 for the average case but exceeded 1 for the plausible maximum case.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 4x10"'' and 5xlO~2 potential upper bound excess lifetime
 
cancer risk for the average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for the average case but exceeded 1
 
for the plausible maximum case.
 

10.2 NEW ENGLAND PLASTICS CORPORATION
 

Soil chemicals of potential concern were acetone, bis(2-ethylhexyl)phthalate,
 

cadmium, lead, methylene chloride, tetrachloroethene, 1,1,1-trichloroethane,
 

and trichloroethene. The groundwater chemicals of potential concern were
 

trans-1.2-dichloroethene. tetrachloroethene, 1,1,1-trichloroethane, and
 

trichloroethene.
 

Under current land-use conditions at the New England Plastics Corporation
 

property, the principal exposure pathways by which human receptors could
 

potentially be exposed to site contaminants were direct contact of industrial
 

workers with surface soils, inhalation of volatiles released from soils, and
 

inhalation of volatiles released from the process water. Average and
 

plausible maximum exposure scenarios were developed this pathway. The
 

exposure point concentrations of the chemicals of potential concern were
 

estimated for the potentially exposed population. Human health risks were
 

assessed based on these estimates of exposure and a quantitative description
 

of each compound's toxicity. The major conclusions can be summarized as
 

follows:
 

Exposure of workers to volatiles released from the water used in the
 
production process could result in potential excess upper bound
 
lifetime cancer risks of IxlO"7 for the average exposure case and
 
IxlCT6 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

10-4
 



•	 Exposure of workers to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 7xlO"8 for the average exposure case and
 
4xlCT5 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

•	 Exposure of workers to volatiles released from contaminated soil could
 
result in potential upperbound lifetime excess cancer risks of 3xlO~13
 

and IxlCT9 for the average and plausible maximum exposure cases,
 
respectively. The hazard indices are both less than one for the
 
average and plausible maximum cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to uses of the groundwater were considered. The groundwater
 

uses included ingestion of groundwater and inhalation of volatile organic
 

chemicals released while showering. Average and plausible maximum exposure
 

scenarios were developed. The conclusions are as follows:
 

•	 Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of IxlO"8 for the average exposure case
 
and 8xlO"A for the plausible maximum exposure case. Under the
 
conditions of the average case, the ratios of the CDI:RfD are below
 
one and the hazard index is below one. However, under the plausible
 
maximum scenario, the hazard index exceeds one.
 

•	 Inhalation of volatiles released from contaminated soil could result
 
in potential upperbound lifetime excess cancer risks of 3xlO~12 for
 
average exposure conditions and IxlO"8 for plausible maximum exposure
 
conditions. The hazard indices were less than one for both the
 
average ,ind plausible maximum cases
 

•	 Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 8xlO~5 and 5xlO~A for the average and
 
plausible maximum cases, respectively The hazard index was less than
 
1 for both the average and plausible maximum cases
 

•	 Inhalation of volatiles released from the groundwater while showering
 
could result in 6xlO"6 and 3xlO"5 potential upper bound excess lifetime
 
cancer risk for the average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for both the average and plausible
 
maximum cases .
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10.3 OLYMPIA NOMINEE TRUST COMPANY
 

The soil chemicals of potential concern were chromium, 4,4'-DDT, lead, and the
 

carcinogenic and noncarcinogenic PAHs. The groundwater chemicals of potential
 

concern were arsenic, bis(2-ethylhexyl)phthalate, 1,1-dichloroethene, trans 

1,2-dichloroethene, lead, manganese, tetrachloroethene, trichloroethene, and
 

total xylenes.
 

Under current land-use conditions at the Olympia Nominee Trust Company
 

property, the principal exposure pathways by which human receptors could
 

potentially be exposed to site contaminants originated with the contaminated
 

soils. Industrial workers could potentially be exposed to site contaminants
 

by direct contact with surface soils. Young adults were assumed to use the
 

property for recreational purposes. Exposure scenarios were developed for
 

direct contact with soil which included dermal contact with and incidental
 

absorption of soil and for the inhalation of dust generated \hile riding dirt
 

bikes. Average and plausible maximum exposure scenarios were developed for
 

this pathway. The exposure point concentrations of the chemicals of potential
 

concern T.:ere estimated for the potentially exposed population. Human health
 

risks were assessed based on these estimates of exposure and a quantitative
 

description of each compound's toxicity. The major conclusions can be
 

summarized as follows:
 

Exposure of workers to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 5xlCT10 for t\\^ avt-idge exposure case and
 
3x10 b for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

Exposure of young adults to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 2xlO"9 for the average exposure case and
 
3xlO"6 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
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average and plausible maximum exposure, as the hazard indices are less
 
than one and equal to one, respectively.
 

Exposure of young adults through the inhalation of dust generated
 
while riding dirt bikes could result in potential excess upper bound
 
lifetime cancer risks of 3xlO"8 and SxlCT6 for the average and
 
plausible maximum exposure cases, respectively. There appears to be a
 
low probability of adverse health effects resulting from
 
noncarcinogenic exposure since the hazard indices are less than one
 
and equal to one for the average and plausible maximum exposure cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to ingestion of the groundwater were considered. Average
 

and plausible maximum exposure scenarios were developed. The conclusions are
 

as	 follows:
 

•	 Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 2xlO"8 for the average exposure case
 
and 6xlO~5 for the plausible maximum exposure case. Under the
 
conditions of both the average and plausible maximum cases, there
 
appears to be a low probability of adverse health effects as the
 
hazard indices are below one.
 

•	 Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 4xlO~A and lxlO~3 for the average and
 
plausible maximum cases, respectively. The hazard index is below one
 
for both the average case and the plausible maximum case. Thus, there
 
appears to be a low probability of adverse health effects.
 

•	 Inhalation of volatiles released from the groundwater while showering
 
could result in 9xlO"6 and 4xlO~A potential upper bound excess lifetime
 
cancer risks for average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for hoth the average and plausible
 
maximum cases.
 

10.4 UNIFIRST CORPORATION
 

The. soil chemical of potential concern was tetrachloroethene. The groundwater
 

chemicals of potential concern were 1,1-dichloroethane, 1,1-dichloroethene,
 

trans-1.2-dichloroethene. tetrachloroethene, toluene, 1,1,1-trichloroethane,
 

and trichloroethene.
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Under current, land-use conditions, there are no exposure pathways by which
 

human receptors could potentially be exposed to site contaminants. Under
 

future-use conditions, exposure pathways related to groundwater use and soil
 

exposure were considered. Average and plausible maximum exposure scenarios
 

were developed for ingestion of groundwater, inhalation of volatiles while
 

showering, and direct contact with soil which included dermal absorption from
 

and incidental ingestion of soil. The conclusions are summarized as follows:
 

•	 Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of IxlO'3 and 4xlO~2 for the average and
 
plausible maximum cases, respectively. The hazard index equaled 1 for
 
the average case but exceeded 1 for the plausible maximum case.
 

•	 Inhalation of volatiles released from the groundwater while showering
 
could result in SxlO"4 and IxlO"2 potential upper bound excess lifetime
 
cancer risk for the average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for the average and greater than one
 
for the plausible maximum cases.
 

•	 Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 8xlO~10 for the average exposure case
 
and 4xlO"8 for the plausible maximum exposure case. Under the
 
conditions of both the average and plausible maximum cases, the hazard
 
indices, for exposure to chemicals exhibiting noncarcinogenic effects,
 
are below one.
 

10.5 WILDWOOD CONSERVATION CORPORATION
 

Soil and sludge chemicals of potential concern were acetone, bis(2

ethylhexyl)phthalate, cadmium, chlordane, chloroform, chromium, 4,4'-DDT,
 

trans -1 , 2 -dichloroetherie . lead, methylene chloride, carcinogenic PAHs ,
 

noncarcinogenic PAHs, PCBs , pentachlorophenol, phenol, tetr<.ichloroethene,
 

toluene, trichloroethene, and xylene. The groundwater chemicals of potential
 

concern were chloroform, trans -1,2- dichloroethene . 1 ,"2 -dichlorobenzene,
 

manganese, tctrachloroethene, 1,1,1-trichloroethane, trichloroethene, vinyl
 

chloride, and xylene.
 

Under current land-use conditions at the Wildwood Conservation Corporation
 

property, the principal exposure pathway by which human receptors could
 



potentially be exposed to site contaminants was direct contact with surface
 

soils and sludges by young adults using the property for recreational uses and
 

inhalation of contaminated air released from these same sources. Average and
 

plausible maximum exposure scenarios were developed for this pathway. The
 

exposure point concentrations of the chemicals of potential concern were
 

estimated for the potentially exposed population. Human health risks were
 

assessed based on these estimates of exposure and a quantitative description
 

of each compound's toxicity. The major conclusions can be summarized as
 

follows:
 

Exposure of young adults to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 7xlO"8 for the average exposure case and
 
7xlO"5 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of
 
average exposure, as the hazard index is less than one. Under
 
conditions of plausible maximum exposure, there is a probability of
 
adverse health effects as the hazard index exceeds one.
 

Exposure of young adults to northern sludges through dermal contact
 
and incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 8xlO~7 for the average exposure case and
 
5xlO~5 for the plausible maximum exposure case. Exposure of young
 
adults to southern sludges through dermal contact and incidental
 
ingestion could result in potential excess upper bound lifetime cancer
 
risks of 2xlO~7 for the average exposure case and 2xlCT5 for the
 
plausible maximum exposure case. Exposure to the chemicals exhibiting
 
noncarcinogenic effects for both the northern and southern sludges
 
appears to present a low probability of adverse health effects based
 
on the conditions of average exposure, as the hazard index is less
 
than one. The hazard index exceeds one for plausible maximum
 
exposure.
 

Exposure of young adults through the inhalation of dust and volatile
 
organics generated from surface soils while riding dirt bikes could
 
result in potential excess upper bound lifetime cancer risks of IxlO'7
 

and 3x10 5 for the average and plausible maximum exposure cases,
 
respectively. Exposure of young adults through the inhalation of dust
 
and volatile organics generated from northern sludges while riding
 
dirt bikes could result in potential excess upper bound lifetime
 
cancer risks of 5xlO"7 and 3xlO'5 for the average and plausible maximum
 
exposure cases, respectively. Exposure of young adults through the
 
inhalation of dust and volatile organics generated from southern
 
sludges while riding dirt bikes could result in potential excess upper
 
bound lifetime cancer risks of 7xlO~8 and 3xlO~6 for the average and
 
plausible maximum exposure cases, respectively. There appears to be a
 



low probability of adverse health effects resulting from
 
noncarcinogenic exposure to air contamination generated from surface
 
soils, northern sludges, and southern sludges since the hazard indices
 
are less than or equal to one for the average and plausible maximum
 
exposure cases.
 

The exposure scenario described above would apply for future land-use
 

conditions as well. In addition, exposure pathways related to residential
 

soil exposure and to uses of the groundwater were considered. The groundwater
 

uses included ingestion of groundwater and inhalation of volatile organic
 

chemicals released while showering. Average and plausible maximum exposure
 

scenarios were developed. The conclusions are as follows:
 

•	 Exposure of residents to surface soil could result in upper bound
 
excess lifetime cancer risks of 7xlO"7 for the average exposure case
 
and 2xlO~3 for the plausible maximum exposure case. The hazard
 
indices for the average and plausible maximum cases were below one and
 
slightly greater than one. For the northern sludges, the upper bound
 
excess lifetime cancer risks from average and plausible maximum
 
exposures were 8xlO"6 and IxlO"3, respectively. The upper bound excess
 
lifetime cancer risks from exposure to the southern sludges were 2x10"
 
6 and 4x10 u for the average and plausible maximum cases,
 
respectively. For both the northern and southern sludges, under the
 
conditions of the average case, the ratios of the CDI:RfD are below
 
one and the hazard index is below one. However, under the plausible
 
maximum scenarios, the hazard index exceeds one.
 

•	 Exposure of residents through the inhalation of volatile organic
 
compounds released from surface soils could result in upper bound
 
excess lifetime cancer risks of 3xlO"7 and lxlO~4 under average and
 
plausible maximum exposure conditions, respectively. The upper bound
 
excess cancer risk from inhalation of volatiles released form the
 
northern sludges are IxlO"7 for the average case and 2xlO"A for the
 
plausible maximum case. For the southern sludges, the upper bound
 
excess lifetime cancer risks for the average and plausible maximum
 
cases are 1x10"'' and IxlO"5, respectively. The hazard indices for the
 
soil and sludges under the average and plausible maximum cases are
 
less than one.
 

•	 Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 8xlO~A and 2xlO': for the average and
 
plausible maximum cases, respectively. The hazard index was less than
 
one for the average case and exceeded one for the plausible maximum
 
case.
 

•	 Inhalation of volatiles released from the groundwater while showering
 
could result in 2xlO"A and 7xlO"2 potential upper bound excess lifetime
 
cancer risk for the average and plausible maximum cases, respectively.
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The hazard index was less than 1 for the average case and exceeded one
 
for the plausible maximum case.
 

10.6 CENTRAL AREA OF THE WELLS G & H SITE
 

The soil chemicals of potential concern selected were cadmium, chlordane,
 

lead, and pyrene. The groundwater chemicals of potential concern were barium,
 

trans-1.2-dichloroethene. radionuclides (gross alpha and gross beta particles,
 

radium, and uranium), tetrachloroethene, 1,1,1-trichloroethane, and
 

trichloroethene. The chemicals of potential concern for surface water were
 

bis(2-ethylhexyl)phthalate, trans-1.2-dichloroethene. lead, tetrachloroethene,
 

and trichloroethene. The sediment chemicals of concern were acetone, aldrin,
 

arsenic, bis(2-ethylhexyl)phthalate, cadmium, chromium, copper, mercury,
 

methylene chloride, carcinogenic PAHs, noncarcinogenic PAHs, and zinc.
 

Under current land-use conditions, the exposure pathways by which human
 

receptors could potentially be exposed to site contaminants involve direct
 

contact with soils, surface water, and sediment. Average and plausible
 

maximum exposure scenarios were developed. The exposure point concentrations
 

of the chemicals of potential concern were estimated for the potentially
 

exposed populations. Human health risks were assessed based on estimates of
 

exposure and a quantitative description of each compound's toxicity. The
 

major conclusions can be summarized as follows:
 

•	 Exposure of workers at the Riley Tannery to volatile released from
 
water used in the production process could result in potential excess
 
upper bound lifetime cancer risks of 2xlO~6 for the average exposure
 
case and 3x10 for the plausible maximum case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are both
 
less than one.
 

•	 Exposure of individuals to surface soil through dermal contact and
 
incidental ingestion could result in potential excess upper bound
 
lifetime cancer risks of 2xlO"9 for the average exposure case and
 
IxlO"7 for the plausible maximum exposure case. Exposure to the
 
chemicals exhibiting noncarcinogenic effects appears to present a low
 
probability of adverse health effects based on the conditions of both
 
average and plausible maximum exposure, as the hazard indices are less
 
than one.
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Exposure of adults trapping in the Aberjona River to surface water
 
could result in potential upper bound excess cancer risks of AxlO"11
 

and IxlO"8 under average and plausible maximum exposure conditions,
 
respectively. Exposure of this same population to sediments could
 
result in potential upper bound excess cancer risks of 3xlO"7 under
 
average conditions and 4xlO~A under plausible maximum exposure
 
conditions. The hazard indices were less than one for exposure to
 
both surface water and sediments under average and plausible maximum
 
conditions.
 

Exposure to children playing the Aberjona River to surface water could
 
result in potential upper bound excess cancer risks of 2xlO"9 under
 
average conditions and 6xlO"8 under plausible maximum exposure
 
conditions. Exposure of this same population to sediments could
 
result in potential upper bound excess cancer risks of SxlCT7 and
 
2xlO"4 under average and plausible maximum exposure cases,
 
respectively. The hazard indices were less than one for exposure to
 
both surface water and sediment for average and plausible maximum
 
cases.
 

The exposure scenarios described above would apply for future land use
 

conditions as well. In addition, exposure pathways related to groundwater use
 

was considered. Average and plausible maximum exposure scenarios were
 

developed for ingestion of groundwater and inhalation of volatiles while
 

showering. The conclusions are summarized as follows:
 

Ingestion of groundwater could result in potential upper bound
 
lifetime excess cancer risks of 4x10"'' and 5xlO'3 for the average and
 
plausible maximum cases, respectively. The hazard index was less than
 
1 for the average case but equaled 1 for the plausible maximum case.
 

Ingestion of groundwater containing radionuclides could result in
 
exposures greater than the recommended 4 mrem/year dose. The
 
geometric mean and maximum concentrations of the gross alpha particles
 
exceeded this reference level. The maximum gross beta particle (as
 
strontium-90) and radium concentrations exceeded the concentration
 
corresponding to a 4 mrem/year dose. If the gross beta particles were
 
present only as tritium then the concentrations were well below the 4
 
mrem/year level. The geometric mean arid maximum uranium
 
concentrations were less than the concentration corresponding to a 4
 
mrem/year dose.
 

Inhalation of volatiles released from the groundwater while showering
 
could result in 4xlO~6 and 3xlO"5 potential upper bound excess lifetime
 
cancer risk for the average and plausible maximum cases, respectively.
 
The hazard index was less than 1 for the average and plausible maximum
 
cases.
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10.7 ECOLOGICAL RECEPTORS
 

Potential risks to environmental receptors have been evaluated based on the
 

results of site monitoring data, a review of the toxicity of the chemicals of
 

concern, and estimates of exposure. The assumptions used in estimating
 

exposures and deriving toxicity reference values have been described in this
 

assessment. The results of this environmental risk assessment are summarized
 

below.
 

Aquatic life may be at risk from exposure to aluminum, iron, lead, and three
 

phthalates (bis(2-ethylhexyl)-, butylbenzyl-, and di-n-octyl phthalate) in
 

surface water. Concentrations reported at the site and downstream exceeded
 

chronic AWQCs. The concentrations of aluminum and iron, however, are unlikely
 

to have resulted from site-related anthropogenic inputs. The presence of the
 

phthalates could be due to laboratory contamination rather than due to site-


related activities. All of the contaminants in surface water were detected at
 

concentrations associated with chronic rather than acute toxicity.
 

The maximum concentration of copper reported in the site sediments exceeds
 

laboratory LC50 concentrations for several invertebrate species. Levels of
 

arsenic, chromium, and zinc were elevated above background but conclusions
 

cannot be drawn due to a lack of data linking sediment concentrations with
 

effects. Qualitative field observations of decreases in abundance and
 

diversity of aquatic invertebrates also suggest adverse conditions for aquatic
 

life.
 

Waterfowl in the Aberjona River and marsh areas may obtain contaminants
 

through their consumption of aquatic invertebrates. The ingestion of lead
 

that has been bioconcentrated by invertebrates does not appear to pose a
 

substantial risk to ducks. No conclusions can be made on the risks to
 

waterfowl from ingestion of contaminated invertebrates in the absence of body
 

burden data for either invertebrates or waterfowl.
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Terrestrial birds and mammals can obtain contaminants by drinking surface
 

water at the site. However, the levels of contaminants obtained through this
 

route are much lower than known toxic levels, and significant risks are not
 

expected from this route of exposure.
 

Some species of birds, such as woodcocks which feed predominantly on
 

earthworms, may obtain potentially hazardous doses DDT and PCBs. The
 

persistence of DDTr and PCBs in terrestrial ecosystems is cause for concern
 

that predators and scavengers may also be adversely affected.
 

Mammals such as the shrew, which also consume large number of earthworms, may
 

be at risk. Chlordane, DDTr, PAHs and PCBs are the chemicals of concern.
 

These substances are known to cause chronic toxic effects in laboratory
 

rodents. In most cases, estimated doses exceeded toxicity reference values by
 

at least a factor of 10.
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